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The Menda diapir, located in the southern Katanga Province of the Democratic 
Republic of Congo contains a number of megaclasts of sedimentary rocks from the 
Neoproterozoic Roan Group. Several of the megaclasts have undergone mineralization 
with copper, uranium, and/or nickel. Nickel mineralized megaclasts at the Menda 
Central prospect occur within hydrothermally altered Mines and Dipeta Subgroup 
carbonate and evaporitic rocks of the Roan Group. The host rocks underwent early 
magnesian alteration with the conversion of most of the carbonate to magnesite and 
growth of Mg-chlorite and/or talc in argillaceous rocks with synchronous or slightly later 
silicification. Magnesian alteration appears to have occurred prior to and following 
halokinetic formation of the Menda diapir. Nickel was deposited within the Menda diapir 
in megaclasts of Roan Group hematitic, evaporitic siltstone units, termed the R.A.T. 
Subgroup and within the matrix and clasts of the halokinetic breccia. Nickel in these 
rocks is bound within Mg-chlorite that is thought to have formed during the early 
magnesian alteration event. No mafic or ultramafic igneous rocks are recognized in the 
vicinity and the source of nickel within the Mg-chlorites is unknown. 
Nickel sulfide mineralization in the Mines and Dipeta Subgroup rocks was 
associated with a post-halokinetic calcic alteration event that resulted in local 
conversion of magnesite to dolomite and formation of dolomite veins. The sulfide 
assemblage is dominated by vaesite but includes less abundant siegenite, millerite, and 





disseminations. Nickel sulfide mineralization differs from the more typical copper-
(cobalt) mineralization of the Congolese Copperbelt in having occurred after formation 
of the diapiric breccia. The source of nickel in the Mines Subgroup sulfides is thought to 
be from local remobilization of nickel within the R.A.T. Subgroup and breccia. Similar 
nickel occurrences in the R.A.T. and Mines Subgroups are found along a 125 km trend 
from the Shinkolobwe uranium deposit in the east to the Kambunji prospect in the west, 
including the Menda diapir. The total amount of nickel within these rocks is immense, 
indicating significant amounts of the metal were transported by basinal fluids. The 
Menda Central prospect shares many similarities with the newly discovered Enterprise 
nickel deposit in northwest Zambia, the historic Shinkolobwe uranium deposit to the 
East and is an further example of a newly emerging sediment hosted hydrothermal 


















TABLE OF CONTENTS 
 
ABSTRACT ..................................................................................................................... iii 
LIST OF FIGURES .......................................................................................................... v 
LIST OF TABLES ........................................................................................................... vii 
ACKNOWLEDGMENTS .................................................................................................. x 
CHAPTER 1 INTRODUCTION ........................................................................................ 1 
     1.2    Techniques……………………………………………………………………...…….3 
1.3 Analytical Methods ............................................................................................. 3 
CHAPTER 2 REGIONAL GEOLOGICAL SETTING ........................................................ 7 
2.1 Stratigraphy of the Roan Subgroup .................................................................... 9 
2.3 Halokinesis and Salt Disruption ........................................................................ 13 
CHAPTER 3 LITHOSTRATIGRAPHY OF THE MENDA CENTRAL PROSPECT ........ 15 
3.1  R.A.T. Subgroup .............................................................................................. 18 
3.2 Lower Portion of the Kamoto Formation ........................................................... 20 
3.3  R.S.C. Unit ....................................................................................................... 21 
3.4 S.D. Formation ................................................................................................. 22 
3.5 C.M.N. (Kambove) Formation .......................................................................... 24 
3.7 Breccias ........................................................................................................... 25 





4.1 Magnesian Alteration and Silicification ............................................................. 27 
4.2 Calcic Alteration ............................................................................................... 32 
CHAPTER 5 MINERALIZATION ................................................................................... 34 
5.1 Nickel in the R.A.T. Subgroup .......................................................................... 35 
5.2 Hypogene Nickel Sulfide Mineralization ........................................................... 43 
5.4  Supergene Mineralization ............................................................................... 53 
5.5 Sulfur Isotopes ................................................................................................. 55 
CHAPTER 6 NICKEL MINERALIZATION IN THE CCB…………………………………..57 
CHAPTER 7 CONCLUSIONS ....................................................................................... 63 
REFERENCES CITED .................................................................................................. 66 
APPENDIX A QEMSCAN® IMAGES ............................................................................ 72 
APPENDIX B ADDITIONAL CROSS SECTIONS ......................................................... 79 
APPENDIX C SEM IMAGES AND DATA ...................................................................... 82 
APPENDIX D XRF NICKEL ANALYSES OF R.A.T. SUBGROUP ROCKS .................. 88 
 APPENDIX E Chromite ................................................................................................ 94 
APPENDIX F XRD Data ................................................................................................ 96 








LIST OF FIGURES 
Figure 2.01 Simplified geological map of the Central African Copperbelt ........................ 7 
Figure 2.2 Lithostratigraphy of the Katanga succession ................................................ 13 
Figure 3.01 Simplified geological map of the Congolese Copperbelt ............................ 16 
Figure 3.02 Bedrock geological map of the Menda diapir ............................................. 18 
Figure 3.03 Geological bedrock map of Menda Central ................................................ 20 
Figure 3.11 Rocks of the R.A.T. Subgroup .................................................................... 21 
Figure 3.12 XRD pattern of the R.A.T. Subgroup siltstone ............................................ 22 
Figure 3.21 Rocks from the lower portion of the Kamoto Formation ............................. 24 
Figure 3.31 Rocks of the R.S.C. unit in drill core and outcrop ....................................... 25 
Figure 3.41 Rocks of the S.D. Formation in drill core .................................................... 26 
Figure 3.5 Rocks of the C.M.N. Formation at Menda Central ........................................ 28 
Figure 3.71 Monomict and polymict brecciated rocks  
     at the Menda Central prospect ................................................................................. 30 
 
Figure 4.11 Silicification in the R.A.T. and Mines Subgroup rocks ................................ 33 
Figure 4.21 Magnesian altered rocks at Menda Central ................................................ 36 
Figure 4.31 Drill core and Backscatter SEM image of calcic alteration ......................... 38 
Figure 5.11 Handheld XRF measurements of the R.A.T. Subgroup siltstone ............... 41 





Figure 5.12 SEM spectrum of Mg-Ni rich chlorite  
      in a R.A.T. Subgroup siltstone ................................................................................. 47 
 
Figure 5.13 Bedrock Map of the Menda Diapir .............................................................. 43 
Figure 5.14 Drill core of unaltered polymict breccia ...................................................... 46 
Figure 5.21 Distribution of nickel within block I  
     on section E400 at Menda Central ........................................................................... 49 
 
Figure 5.22 Nickel sulfide assemblages from Menda Central ....................................... 51 
Figure 5.23 Textures of nickel sulfide mineralization at  
     the Menda Central prospect ..................................................................................... 54 
 
Figure 5.24 Vaesite and dolomite .................................................................................. 55 
Figure 5.25 SEM backscatter images of nickel sulfides, 
      magnesite and dolomite. ......................................................................................... 57 
 
Figure 5.26 Sulfide assemblages from Menda Central  
      in drill core and reflected light .................................................................................. 58 
 
Figure 5.27 Paragenetic sequence of mineral precipitation at Menda Central .............. 59 
Figure 5.51 Histogram of sulfur isotopic values from Menda Central sulfides ............... 62 









LIST OF TABLES 
Table 5.11 Comparison of wt% nickel gathered from assay and handheld XRF……….52 
Table 5.12 Mim., max., mean, average and standard deviation of handheld XRF  
     measurements of the R.A.T. Subgroup…………………………………………….…...45 
 
Table 5.21 Platinum group element (PGE) and gold analyses………………………...…50 
Table 5.41 Total Organic Carbon of supergene Ni-rich black sooty material      
     at Menda Central….…………………………………………………………………….....59 
.. 
Table D.1 Handheld XRF measurements of R.A.T. Subgroup siltstone,  
     Mg-Chlorite in veins and monomict breccia within the Menda Diapir……………….101 
 
Table D.2 Handheld XRF measurements of R.A.T. Subgroup siltstone,  



















This research project was made possible by the support from Eurasian Natural 
Resources Corporation (ENRC) and the Colorado School of Mines. The input and 
insight, along with logistical help, from the geologists at ENRC was essential to this 
project, including but not limited to Helen Twigg, Loni Gallant, Arturo Digdigan, and 
Tony Martin. Advisor Murray Hitzman and committee members Thomas Monecke and 
Katharina Pfaff were essential during this research. Thanks to John Skok for thin 
section preparation and SEM assistance. Special thanks to Cayce Gulbransen, from the 
USGS, for assistance with isotope analyses. Collaboration and discussion with Grainne 
Byrne, MS candidate at CSM, was indispensable. Special thanks to Murray Hitzman for 


















CHAPTER 1  
INTRODUCTION 
 
 The Menda Central nickel (Ni) prospect is located in the southern Congolese 
Copper Belt (CCB) of the Democratic Republic of Congo (DRC) approximately 70 km 
west of the Shinkolobwe uranium deposit and 60 km southeast of the Kolwezi copper 
(Cu)-cobalt (Co) district (Fig. 2.01). Anomalous nickel is present throughout the Menda 
diapir in nickeliferous Mg-chlorite in Roan Group hematitic siltstones and within the 
matrix of the halokinetic breccia bodies. The Menda Central prospect contains nickel 
bearing sulfides in evaporitic carbonate rocks of the Neoproterozoic Roan Group that 
form megaclasts within the Menda diapir, a major breccia body that has been 
interpreted as a halokinetic salt wall (Jackson et al., 2003; Hitzman et al., 2012). The 
nickel sulfides occur within veins, as disseminations along bedding, and within mottled 
altered zones. Megaclasts in the Menda diapir also contain zones of Cu, Cu-Co, and 
uranium (U) mineralized rock.  
 Geological mapping of the Menda district was first conducted by Union Minière 
du Haut Katanga (UMHK) and later by the DRC state mining company Gécamines. 
Mapping involved the location of rock outcrops and utilization of pitting in areas of poor 
exposure. Although numerous copper, cobalt, and uranium occurrences were 
discovered in the Menda area, none have been placed into production although there 
has been recurrent artisanal mining for copper and cobalt. Subsequent work by the 





magnetic and radiometric surveys. In 2011, the current license holder, Eurasian Natural 
Resources Corporation (ENRC), commenced soil geochemical surveys and diamond 
drilling to explore for copper and cobalt resources. In 2012 diamond drilling encountered 
significant nickel grades and the exploration program was reoriented to delineate a 
possible nickel resource. 
 Drilling by ENRC has demonstrated that the Menda Central prospect contains an 
area of approximately 400 by 500 m with drill intercepts in excess of 1% Ni, ranging in 
thickness from a few meters to over 60 m. The nickel mineralized zone occurs beneath 
a prominent hill rising above the Miombo woodland that is devoid of most vegetation 
save grasses; the absence of trees is probably due to the high metal content in the soil. 
Although much of the prospect is covered by soil and saprolite, moderate rock exposure 
has allowed for surficial mapping. Trenching and 28 diamond drill holes, 16 of which 
intersected hypogene nickel sulfides, aided in delineation of the mineralized zone. 
Current exploration indicates that the Menda Central prospect hosts the largest 
concentration of supergene and hypogene nickel within the Menda diapir. The Menda 
Central prospect is still undergoing exploration and no resources figures have been 
released to date. 
 This research had two primary objectives: The first was to undertake a detailed 
geological description of this apparently new deposit type. This was accomplished by 
field mapping and detailed logging of diamond drill core that allowed documentation of 
the host rock mineralogy, the styles of alteration associated with nickel mineralized 
rocks and geochemical analysis utilizing a handheld X-ray florescence (XRF) 





petrographic, analytical, and isotopic studies that allowed for better definition of the 
paragenetic stages of both the alteration and mineralization. The second objective was 
to use these data to determine the nature of the mineralizing fluids and constrain 
possible precipitation mechanisms and timing of alteration and mineralization events to 
develop a preliminary genetic model for this new type of hydrothermal ore deposit. 
Although significant nickel rich supergene material is present at Menda Central, it was 
not the primary focus of this project. 
1.2 Techniques 
 This study involved detailed geological mapping of a 400 x 500 m area, logging 
of drill core, mapping of trenches, and petrography. Thirty diamond drill holes were 
logged which totaled 7469 m of drill core and thirty-two trenches were mapped equaling 
1746.5 m. These techniques allowed for the creation of a detailed geological map, and 
numerous cross sections. Logging of drill core enabled documentation of the styles and 
distribution of alteration and mineralization. Samples collected during mapping and 
logging were utilized for petrographic study at the Colorado School of Mines. Fifty-three 
polished thin sections were created which were examined in reflected and transmitted 
light allowing for the determination of the mineralogy of the rock units and 
documentation of the alteration and mineralization at Menda Central. 
1.3 Analytical Methods 
A DELTA Mining and Geochemistry Handheld X-ray Florescence (XRF) Analyzer 
was used to gather real time semi-quantitative elemental concentrations. The analyzer 
utilizes a 4w gold anode X-ray tube with a Large-Area Silicon Drift Detector (SDD). The 





electrons from the innermost orbitals to be ejected. As electrons move from outer 
orbitals to fill the inner orbitals a secondary X-ray photon is emitted (florescence). The 
SDD measures the energy of florescence, which is characteristic of specific elements, 
allowing for determination of semi-quantitative elemental concetrations. Before each 
use, the analyzer was calibrated by setting the analyzer to “Cal Check” mode and 
scanning standards of known composition. Measurements of rock were taken in “Mining 
Mode” and scanned for 120 seconds. A minimum of three measurements were taken at 
the same point and only when all three measurements were consistent was the data 
reported. 
Transmitted and reflected light petrography along with scanning electron 
microscopy (SEM), X-ray diffraction (XRD), and automated quantitative mineralogy 
were utilized to determine the mineralogy and paragenetic sequences of the alteration 
and mineralization at Menda Central. The SEM was a model JSM-840A for imaging and 
a PGT Spirit analyzing system for qualitative elemental analyses. XRD analysis of 
whole rock samples was performed using a Scintag XDS-2000 X-ray diffractometer with 
Cu K# radiation in the Geology and Geological Engineering Department at Colorado 
School of Mines (CSM). Whole rock samples were ground in a Spex Ball Mill® for 
approximately 5 minutes to produce 5 um grains. The powder samples were mounted 
and continuously scanned from 4° to 60° at 1°/minute in order to produce X-ray 
scattering from crystalline material. The X-ray scattering (diffraction) pattern was then 
compared to known patterns to identify minerology (Warren, 1969; Moore and 
Reynolds, 1997). Automated quantitative mineralogy was accomplished with the 





energy dispersive (EDS) detectors, and proprietary software to produce false-colored 
mineral maps from backscatter electron signals and EDS (energy dispersive 
spectrometer) spectra. A PC-based software suite, iDiscover™, allowed automated data 
acquisition and interactive data analysis. The QEMSCAN® was particularly useful for 
examining mineralogical textural relationships. 
Sulfide samples were micro drilled and analysed for sulfur isotope values at the 
USGS Federal Center in Denver Colorado. Sulfide samples, together with international 
reference standards IAEA S-3 and NBS 123, were analyzed on a DeltaplusXP Thermo 
Finningan continuous flow isotopic ratio mass spectrometer (CFIRMS) according to 
published procedures (Giesemann et al., 1994). Samples were individually introduced to 
the CFIRMS system through a CE Elantech Flash2000 elemental analyzer. The 
element analyzer maintained an operating temperature of 1100 °C with continuous 
helium flow. Isotopic values are reported using the δ notation as a per mille (‰) 
difference from the international standards (Robinson, 1993).  
Ten samples from the Menda area were analysed at the Source Rock Lab of 
GeoMark Research Ltd in Humble Texas for total organic content (TOC). Samples were 
ground to 60 mesh and dried. The samples were combusted in an oxygen atmosphere 
and the carbon present was converted to CO2 gas. The resulting CO2 was analysed with 
a LECO CR-412 Carbon Analyzer that utilizes a non-dispersive infrared detection cell to 
measure the mass of CO2 present, which is converted to percent carbon based on dry 
sample weight. 
 Ten samples of ~2 cm quarter cut drill core were analyzed (ALS Laboratory, 





<2 mm and then pulverized to 95% <106 um. The resulting powder was fused with a 
soda ash, borax, silica and nickel carbonate or nickel oxide mixture at ~1200 ⁰C. The 



























REGIONAL GEOLOGICAL SETTING 
 
 The Central African Copperbelt is the largest stratiform, sedimentary rock-hosted 
copper district in the world. It produces a significant portion of the world’s copper and 
the majority of the world’s cobalt (Sillitoe, 2012). The Central African Copperbelt forms a 
400 km arcuate belt that extends in the DRC from Kolwezi in the northwest to Tenke-
Fungurume deposits in the east and continues to the southeast to Lubumbashi and 
finally into the Zambian Copperbelt (Fig. 2.01).  
Mineral deposits of the CCB are hosted in Neoproterozoic sedimentary rocks of 
the Katangan Supergroup that has an estimated thickness of 5-10 km (Batumike et al., 
2007; Bull et al., 2011) and is thought to have been deposited within intracratonic, 
extensional basins associated with the breakup of Rodina (Porada and Berhorst, 2000). 
The Katangan Supergroup has been subdivided into three main sequences: the Roan, 
Nguba, and Kundelungu groups (Selley et. al., 2005). The lowermost Roan Group 
includes rift-fill siliciclastic rocks and post rift evaporitic carbonate rocks. These are 
overlain by mixed siliciclastic and carbonate rocks that locally contain mafic igneous 
flows and sills thought to have formed during a period of extension at the end of the 
Roan Group time. The base of the overlying Nguba Group is a glacial diamictite unit, 
termed the Grand Conglomérat, which serves as a regional stratigraphic marker. Above 
the Grand Conglomérat, the Nguba Group comprises a succession of mixed carbonate 





diamictite unit termed the Petit Conglomérat. It is overlain by a carbonate unit that 
passes up section into a mixed sequence of argillites, siltstones, and sandstones. The 
upper Kundelungu Group, termed the Plateaux Subgroup, contains argillaceous 
sandstones, arkosic sandstone and conglomerates (Cailteux et al., 2005a; Batumike et 
al., 2006, 2007). 
 
Figure 2.01 Simplified geological map of the Central African Copperbelt showing the 
location of major deposits and cities. The Menda District is located approximately 70 km 
to the west of the Shinkolobwe deposit. Modified and updated from Cailteux et al. 
(1994).  
 
 A deformational event, termed the Lufilian orogeny, affected the area of the 





local open to tight folding with reverse faulting concentrated adjacent to original 
synsedimentary normal faults (Cahen et al., 1984; Kampunzu and Cailteux, 1999; 
Rainaud et al., 2005; Hitzman et al., 2012). The degree of deformation and 
metamorphism is heterogeneous throughout the Central African Copperbelt. Highest 
metamorphic grades occur in the Domes region of northern Zambia from Solwezi west 
to the Kabompo dome that hosts the Sentinel copper and Enterprise nickel deposits 
(Fig. 2.01). In this area, amphibolite metamorphic assemblages are commonly present 
near the base of the Katangan succession. To the east, in the Zambian Copperbelt, 
metamorphic grade range from subgreenschist along the border with the DRC to lower 
amphibolite in the south near the Luanshya deposit (Fig. 2.01). Rocks within the 
Congolese Copperbelt, including the area surrounding the Menda diapir, are uniformly 
weakly metamorphosed to subgreenshist facies.  
2.1 Stratigraphy of the Roan Subgroup  
Although basement rocks are known from the Nzilo area to the northwest of 
Kolwezi, the basement is not observed in outcrop or in drill holes throughout the 
Congolese Copperbelt. The stratigraphically lowest autochthonous rocks observed in 
the DRC portion of the Central African Copperbelt are siliciclastic and carbonate rocks 
of the Mwashya Subgroup, the uppermost portion of the Roan Group. Rocks comprising 
the underlying Roan Group, including those hosting the mineralized rocks at the Menda 
Central nickel prospect and the copper-cobalt deposits throughout the CCB, occur as 
blocks up to several kilometers in diameter within complex breccia bodies. These 
breccia bodies are commonly referred to as diapirs and are interpreted to represent salt 





they may have extruded as salt glaciers (Jackson et al., 2003). The Roan Group 
stratigraphy present in the blocks has been divided into four subgroups: R.A.T., Mines, 
Dipeta, and Mwashya. 
The Roches Argilo Talqueuses (R.A.T.) Subgroup is the basal unit recognized 
within the Roan Group in the DRC. It consists of generally reddish, hematitic, indistinctly 
to well stratified siltstones and fine-grained sandstones. The maximum thickness 
described in the literature is a 230 m sequence of sandstones, and purple striped 
siltstones with minor dolomitic layers in the Kolwezi district (François, 1973). Wherever 
observed, the base of the R.A.T. Subgroup is truncated against breccia that has been 
interpreted to represent mobilized evaporites (Hitzman et al., 2012). Rocks within the 
R.A.T. Subgroup are commonly quartz poor and rich in dolomite, magnesite, Mg-
chlorite, and/or talc (Cailteux et al., 2005b). The peculiar composition of these rocks has 
been ascribed to deposition in an evaporitic environment (Buffard, 1988; Kampunzu et 
al., 1991, 1993; Cailteux et al., 1994) and/or to intense metasomatism (Cluzel, 1985; 
Moine et al., 1986; Kampunzu et al., 2005; Hitzman et al., 2012). 
Rocks of the R.A.T. Subgroup are conformably overlain by those of the Mines 
Subgroup. The base of the Mines Subgroup is defined by a marine transgression and 
deposition of the D. Strat. unit (Cailteux, 1994). The Mines Subgroup has been divided 
into the Kamoto, the Shales Dolomitiques (S.D.), and the Kambove (or Colaire à Minerai 
Noir (C.M.N.)) formations. The Kamoto Formation, which hosts the majority of copper 
and cobalt deposits within the Congolese Copperbelt, has been subdivided into the 
Dolomies Stratifies (D. Strat.), Roches Siliceuses Feuilletées (R.S.F.), and the Roches 





The D. Strat. unit contains finely bedded, variably silicified algal dolostones that 
commonly contain abundant elongate quartz-filled mineral casts after evaporitic 
minerals (dominantly gypsum) and centimeter-sized silica nodules after diagenetic 
gypsum nodules. The overlying R.S.F. unit is lithologically similar to the D. Strat. unit but 
generally displays thinner bedding with millimeter laminations interpreted to be of algal 
origin (Cailteux, 1994). The R.S.F. unit contains abundant casts of evaporite minerals 
replaced by quartz but lacks the silica nodules found in the D. Strat. unit (Cailteux, 
1994). The R.S.F. unit commonly becomes increasingly silicified up section (Cailteux, 
1994) and may contain small, completely silicified columnar algal stromatolites at the 
top of the unit (Katekesha, 1975).  
The R.S.C. unit sharply overlies the R.S.F. unit and is dominantly composed of 
domal to columnar stromatolites up to over a meter in height that commonly have been 
replaced by coarse-grained dolomite and pervasively silicified. The R.S.C. unit often 
contains evaporate casts and minor interbeds of siltstone (Francois 1974, 1987). Due to 
its highly silicified nature and therefore resistance to weathering, the R.S.C. unit 
commonly crops out and forms prominent hills. The abundance of stromatilites, high Mg 
content, presence of evaporitic pseudomorphs and length slow chalcedony have been 
interpreted to indicate that the R.S.C. unit was deposited in a tidal flat environment 
(Bartholome et al 1973; Cailteux 1977a, 1983) 
The S.D. Formation sharply overlies the R.S.C. unit of the Kamoto Formation. It 
consists largely of fine-grained siltstones and dolosiltstones. Locally at the base of the 
unit, silicified casts after evaporitic minerals and nodules are present, however the 





2012). The S.D. Formation represents a regional flooding event that introduced 
siliciclastic material into the basin. 
 
Figure 2.2 Lithostratigraphy of the Katanga succession of the Congolese Copper Belt. 
Modified from Hitzman et al., 2012.  
 
 
The Kambove (or C.M.N.) Formation conformably overlies the S.D. Formation 





tidal to evaporitic intra- or supra-tidal carbonate rocks. A transgression during deposition 
of the middle portion of the C.M.N. Formation resulted in the deposition of dolomitic 
shales and sub-tidal carbonate rocks. The upper C.M.N. Formation contains evaporitic 
and silicified intertidal carbonate rocks formed during another regression. The total 
thickness of the C.M.N. Formation is generally 190 m (Hitzman et al., 2012). 
The basal portion of the overlying Dipeta Subgroup is comprised of hematitic, 
argillaceous siltstones, sandstones, and local conglomerates of the Roches Greso-
Shisteuses (R.G.S.) unit. This unit is commonly visually similar to rocks of the R.A.T. 
Subgroup. The R.G.S. unit represents a major sea level regression or a basin-ward shift 
of facies. The upper Dipeta Subgroup consists of evaporitic lagoon deposits and 
stromatolitic carbonate rocks interbedded with deeper water dolomitic shales and 
siltstones that represent deposition during a number of regressive and transgressive 
cycles. Rocks of the Dipeta Subgroup are overlain by dolomitic shales and siltstones, 
carbonaceous siltstones and minor sandstones of the Mwashya Subgroup (Hitzman et 
al., 2012). 
2.3 Halokinesis and Salt Disruption  
Rocks of the R.A.T., Mines, and Dipeta Subgroups have only been observed as 
allochthonous blocks (commonly called écaille – French for “fish scale”) within breccia 
bodies. Blocks range from less than a centimeter to tens of meters or even kilometers in 
diameter (clast to gigaclast). The matrix of the breccias, commonly termed polymict or 
R.A.T. breccia, is composed primarily of silt-size mixtures of dolomite (magnesite), Mg-





The breccias have been interpreted to have been created by diapiric movement 
of halite and anhydrite within the Roan Group. It is likely that halite-bearing evaporites 
were thickest within the R.A.T. Subgroup (Hitzman, pers. com., 2015). Movement of 
evaporites is hypothesized to have been initiated by the rapid deposition of the Grand 
Conglomérat within extensional sub-basins during Mwashya Subgroup time 
(Demesmaeker et al., 1963; François, 1974, 2006; DeMagnée and François, 1988; 
Kampunzu and Cailteux, 1999; Jackson et al., 2003; Hitzman et al., 2012). The breccias 
are observed to cut rocks stratigraphically as high as the middle Kundelungu Group; this 
suggests that halokinetic movement occurred primarily from early Nguba Group time 
through deposition of the middle Kundelungu Group; it is likely at least some movement 



















LITHOSTRATIGRAPHY OF THE MENDA CENTRAL PROSPECT 
 
The Menda Central prospect is centrally located along a linear series of diapiric 
bodies that stretch from the Shinkolobwe uranium deposit to 130 km to the west (Fig. 
3.01).  
  
Figure 3.01 Simplified geological map of the Congolese Copperbelt showing the 
location of Menda Central. The Swambo and Shinkolobwe U-(Ni) deposits are to the 
east of Menda Central along the same structural trend. Elongate Roan Group rocks 







Figure 3.02 Bedrock geological map of the Menda diapir based on surficial mapping and 
drill hole data. The diapir was originally mapped by Gécamines and subsequently mapping 
by ENRC. The red lithological unit was originally mapped as R.A.T. Subgroup but recent 
work elsewhere in the DRC has demonstrated that similarly mapped units are composed of 
blocks of R.A.T. Subgroup and R.G.S. unit lithologies that are surrounded by breccia 
largely derived from these lithologies (G. Bryne, pers. comm., 2015).  
 
Adjacent to the Mines Subgroup blocks are a number of blocks of hematitic 
siltstone and sandstone (Fig. 3.03). During mapping and core logging it was challenging to 
distinguish rocks of the R.A.T. Subgroup from those of the R.G.S. unit.  No rocks that could 
be definitively placed within the R.G.S. unit based on stratigraphic context were noted 
during logging of the drill core from Menda Central.  All of the hematitic siltstones examined 
petrographically from Menda Central were characterized by an absence of detrital feldspar, 
presumably due to intense diagenetic and/or hydrothermal alteration.  Although minor 
detrital feldspar has been reported in R.A.T. Subgroup rocks at other locations such as 





be largely absent in R.A.T. Subgroup rocks from at other locations such as the Mashitu 
mine in the Kalalundi diapir to the north of Menda (G. Byrne, pers. comm., 2015). Sparse 
petrographic data suggests that R.G.S. unit rocks appear to generally contain remnant 
detrital feldspar (G. Byrne, pers. comm., 2015; M. Hitzman, pers. comm., 2015).  Thus it 
appears likely that the majority of hematitic siltstones observed at Menda Central represent 
portions of the R.A.T. Subgroup.
 
Figure 3.03 Geological bedrock map of Menda Central showing the major Mines Subgroup 
blocks numbered I through V. The labeled drill holes were examined in this study. Block I 
hosts the majority of the nickel sulfides and nickel-rich supergene material at Menda Central. 
The primary focus of the study was along drill line E400, which intersects the largest and 





3.1  R.A.T. Subgroup 
R.A.T. Subgroup rocks at Menda Central consists of irregularly bedded hematitic 
siltstones that exhibit a dark red to purple-red color (Fig. 3.11a). Their mineralogy was 
investigated with petrography, automated quantitative mineralogy, SEM, and XRD. The 
siltstones contain Mg-chlorite (70-80%), quartz (5-10%), hematite (5-10%), dolomite 
(~5%), sparse euhedral monazite grains, and rare talc (Fig. 3.12). The siltstones lack 
significant detrital feldspar. Weathering of R.A.T. Subgroup rocks results in the 
preferential removal of the dolomite and a change of color to a lighter red-pink.  
 
Figure 3.12 XRD pattern of a sample of R.A.T. Subgroup siltstone showing that it 
contains Mg-chlorite (Cl), quartz (Qtz), dolomite (Dl), and hematite (Hm). There is a 
singular sharp peak at the potassium feldspar (K-spar) site; which may be due to 
background, peak overlap, or may represent a trace amount of K-spar. MCND009, 108 







Mineral grains within the R.A.T. Subgroup siltstones at Menda Central range 
from very fine (<50 um) to fine-grained (<500 um) with the smaller grains dominantly 
composed of Mg-chlorite and the larger grains composed of quartz, dolomite and 
hematite. Quartz grains are generally well-rounded but occasionally subhedral to 
euhedral in shape. Veins of coarse-grained quartz, specular hematite and dolomite up 
to 5 mm wide locally cut R.A.T. Subgroup rocks (Fig. 3.11b). Thin pale green to white 
fractures filled with Mg-chlorite and lacking coarse-grained minerals are relatively 
abundant cutting R.A.T. Subgroup siltstones. 
 
Figure 3.11 Rocks of the R.A.T. Subgroup at Menda Central consist largely of irregularly 
bedded siltstones. They are composed of Mg-chlorite, quartz, dolomite, and hematite. 
(a) Drill core of typical R.A.T. Subgroup siltstones in MCND013, 296-302 m. (b) Drill 
core of R.A.T. Subgroup siltstone showing irregular bedding and thin veins of Mg-





Throughout the CCB, it is difficult to visually separate siltstones in the R.A.T. 
Subgroup from those in the R.G.S. unit of the Dipeta Subgroup. Siltstones in both units 
would be expected to be lithologically similar as they were deposited in similar 
depositional environments. The hematitic siltstones at Menda Central are interpreted to 
be R.A.T. Subgroup rocks due to their apparent lack of detrital feldspar and the absence 
of carbonate interbeds, which are common in the R.G.S. unit (Cailteux, 1994). However, 
only a limited number of samples of potential R.G.S. unit siltstones were characterized 
mineralogically. Some of these did contain trace amounts of potassium feldspar, but not 
plagioclase. Petrographic observations did not reveal evidence of detrital feldspar 
grains. However, it is possible that blocks or clasts of R.G.S. unit rocks are present in 
the Menda Central prospect area.  
3.2 Lower Portion of the Kamoto Formation 
The D. Strat. and R.S.F. units of the Kamoto Formation within the Mines 
Subgroup were grouped together during logging. The lower portion of the Kamoto 
Formation is either very thin or absent in several of the larger blocks at Menda Central. 
At Menda Central the lower portion of the Kamoto Formation is generally separated 
from the stratigraphically underlying siltstones of the R.A.T. Subgroup by polymict 
breccia. Only in block V was a small portion of the upper R.A.T. Subgroup siltstone 
package observed to be in conformable contact with the Kamoto Formation (Fig. 3.03).  
The lower Kamoto Formation consists of thinly banded algal dolosiltstones (Fig. 
3.21a) in which the more massive carbonate beds are invariably silicified. Silica nodules 
in some dolosiltstones suggest they belong to the D. Strat unit. Bedding thickness 





of the preserved sequence have thicknesses of 3-4 mm and progressively thin up 
section to approximately 1 mm. Beds vary from mildly irregular to highly undulatory and 
appear to represent algal mats (Fig. 3.21b). Horizons of bladed evaporites replaced by 
quartz or magnesite are locally present with individual relict evaporite grains being up to 
5 mm long. Bedded dolostones within the lower Kamoto Formation are commonly cut by 
quartz veins, which sometimes have vuggy textures (Fig. 3.21b). 
 
 
Figure 3.21 Rocks from the lower portion of the Kamoto Formation at Menda Central. 
(a) Weathered algal banded dolosiltstone that contains brown iron oxide boxworks after 
sulfides and minor amount of nickel rich, green colored oxide minerals. MCND020, 6 m. 
(b) Highly silicified algal-banded dolostone cut by a dolomite vein with vugs that appear 
to represent weathered sulfides. MCND004, 16 m. 
 
3.3  R.S.C. Unit 
The R.S.C. unit of the Kamoto Formation is an intensely silicified stromatilitic 
carbonate unit. In outcrop and in drill intersections at Menda Central, the unit contains 
little to no remaining carbonate minerals (Fig. 3.31a). The quartz that constitutes the 
majority of the rock mass is fine-grained with individual grains rarely larger than 1mm. 
The unit preserves stromatolitic textures with some domal shaped stromatolites 





shaped vugs up to several centimeters in diameter. Due to the R.S.C. unit’s resistance 
to weathering it is readily observed in outcrop and forms competent clasts within the 
polymict breccias. 
 
Figure 3.31 Rocks of the silicified, stromatolitic R.S.C. unit in drill core and outcrop. (a) 
Completely silicified rocks of R.S.C. unit in drill core with abundant irregular vugs. 
MCND004, 24 m. (b) An outcrop of a bedding surface within the R.S.C. unit at the Menda 
Central prospect that is almost entirely composed of silicified domal stromatolites.  
 
3.4 S.D. Formation 
The S.D. Formation consists of thin-bedded carbonaceous siltstones and local 
shale intervals that are generally light to dark grey in color if unweathered but appear 
pale grey to white when weathered (Fig. 3.41a). The lower S.D. Formation is dominated 
by siltstones with detrital quartz and minor detritral plagioclase and potassium feldspar 






Figure 3.41 Rocks of the S.D. Formation in drill core. (a) Highly weathered, pale colored 
carbonaceous shale from the lower portion of the S.D. Formation. MCND017, 52.3 m 
(b) Drill core of moderately weathered dolosiltstone from the upper portion of the S.D. 
Formation. MCND024, 143 m. 
 
The siltstones contain increasing amounts of carbonate minerals, dominantly 
dolomite, up section (Fig. 3.41b). Bedding in the S.D. Formation siltstones is generally 
planar, distinguishing it from the wavy algal banding observed in stratigraphically lower 
units within the Mines Subgroup. Bed thicknesses vary from a few millimeters up to a 
centimeter. The composition and bedding characteristics of the S.D. Formation rocks 






3.5 C.M.N. (Kambove) Formation 
The C.M.N. Formation lies conformably above the S.D. Formation. The basal 
portion of the C.M.N. Formation at Menda Central consists of ~12 m of massive 
dolostone (Fig. 3.51a). Above this interval the rocks grade into algal-banded dolostones 
and dolosiltstones containing minor amounts of silt and organic material as well as thin 
shale beds. Banding within these dolostones and dolosiltstones varies from millimeter to 
centimeter thick. The upper portion of the C.M.N. Formation is poorly known at Menda 
Central as this portion of the unit was generally removed by emplacement of the 
polymict breccia. 
 
Figure 3.5 Rocks of the C.M.N. Formation at Menda Central. (a) Massive dolostones 
from the base of the C.M.N. Formation that display the wavy banding typical of algal 
carbonates. MCND016, 302.2 m. (b) Drill core of the C.M.N. Formation with irregular 
algal bedding within alternating light and darker colored dolostone. This material 
comprises the majority of the C.M.N Formation at Menda Central. MCND012, 269-275 
m. (c) Well-banded dolostone containing quartz and magnesite pseudomorphs probably 






Unweathered rocks of the C.M.N. Formation alternate in color from light grey 
dolostones to dark grey to almost black, organic-rich dolosiltstones and shales. Where 
highly weathered, the rocks are pale grey to white. Pseudomorphs of quartz and 
magnesite up to 5 mm in length after bladed evaporite minerals, probably gypsum, are 
locally present along distinct beds within algal-banded horizons in both dolostones and 
dolosiltstones. Intervals containing these pseudomorphs are typically a few centimeters 
to up 5 cm thick. The abundance of pseudomorphs after evaporates together with 
textural evidence of well-developed algal-banding and the presence of carbonaceous 
material suggest the rocks of C.M.N. Formation were deposited in a shallow marine, 
sabkha environment.  
3.7 Breccias 
 Monomict breccias are composed of R.A.T. Subgroup clasts within a fine-
grained, Mg-chlorite-rich matrix (Fig. 3.71a). The majority of the clasts range in size 
from 0.5 cm to 2 cm, but clasts up to several meters are occasionally observed. 
Monomict breccia occurs adjacent to R.A.T. Subgroup blocks. There is commonly a 
gradation from intact R.A.T. Subgroup siltstones to broken and veined siltstones to true 
monomict breccia with well-rounded siltstone clasts moving outward from R.A.T. 
Subgroup blocks.  
In contrast, polymict breccia contains of clasts of multiple lithologies from the 
Roan Group. Polymict breccia typically contains variable proportions of R.A.T. and 
Mines subgroup clasts (Fig. 3.71b). In drill core and outcrop rounded to angular clasts of 
variable size (<0.5 cm to >2 m) are observed. The matrix of the breccia is generally fine- 





significant carbonate minerals, dominantly dolomite, as well as Mg-chlorite. Clast 
populations in the breccia as well as the abundance of dolomite in the matrix appear to 
be related to the lithology of spatially adjacent larger blocks. Thus, breccia adjacent to 
large R.A.T. Subgroup blocks contains a majority of red hematitic siltstone clasts with a 
hematitic, dominantly Mg-chloritic matrix. Adjacent to Mines Subgroup carbonate blocks 
the breccia is commonly pale colored with carbonate clasts in a matrix consisting largely 
of fine-grained carbonate and Mg-chlorite. 
 
Figure 3.71 Monomict and polymict breccias at the Menda Central prospect. (a) 
Monomict breccia composed of R.A.T. Subgroup clasts in a matrix composed of very 
fine-grained R.A.T. Subgroup fragments and Mg-chlorite. MCND0019, 126 m. (b) 
Outcrop of polymict breccia located in the northern part of Menda Central between 
blocks I and III (area depicted in map inset). The majority of the clasts in this breccia are 
composed of S.D. Formation with some minor R.A.T. Subgroup fragments. The matrix 












The rocks at the Menda Central prospect have been affected by two alteration 
events. Silicification occurred early and was probably analogous to the early silicification 
event that occurred regionally throughout the CCB. Magnesian alteration affected all of 
the rocks at Menda Central and appears to have occurred over a protracted period 
probably starting during diagenesis and potentially continuing until after halokinesis. The 
magnesian alteration event was at least synchronous in part with periods of silicification 
that also may have extended from diagenesis to late in the magnesian alteration event. 
Calcic alteration is observed locally at Menda Central and appears to have occurred 
after diapir formation. The calcic style of alteration appears to be much better developed 
at Menda Central than at other prospects within the Menda diapir. 
4.1 Magnesian Alteration and Silicification 
Rocks of the R.A.T. and Mines subgroups within the Menda diapir underwent 
magnesian alteration. R.A.T. Subgroup siltstones at Menda and throughout much of the 
CCB are dominantly composed of Mg-chlorite (Cailteux et al., 2005b) with minor quartz, 
hematite, dolomite, and rare talc. Mg-chlorite is not a typical detrital component of 
sedimentary rocks (Weaver, 1958) suggesting it formed largely through alteration 
processes. The dominant carbonate in the R.A.T. Subgroup siltstones at Menda Central 
is dolomite; magnesite, present in R.A.T. Subgroup siltstones in some areas of the CCB 





Carbonate rocks of the Mines Subgroup contain both dolomite and magnesite. 
Textural relationships suggest much of the magnesite replaced earlier formed dolomite. 
Silty beds within the Mines Subgroup rocks contain Mg-chlorite and/or talc. Magnesian 
phases are least apparent in the lower portions of the Kamoto Formation. This is 
probably due to both the minor amount of silty material in these rocks as well as the 
near pervasive silicification that resulted in replacement of carbonate minerals. The 
R.S.C. unit, although dominantly composed of quartz, contains coarse-grained, 
commonly euhedral magnesite in vugs. The majority of the generally sparse carbonate 
present in the S.D. Formation contain is magnesite. However, the S.D. Formation rocks 
at Menda Central contain virtually no Mg-chlorite and/or talc suggesting that magnesian 
alteration was not intense in this unit. Massive carbonate rocks in the C.M.N. Formation 
at Menda Central display local zones with replacement of dolomite by magnesite. These 
magnesite-rich zones are generally lighter colored and contain less carbonaceous 
matter than dolomite-rich portions of the C.M.N. Formation carbonate rocks (Fig. 4.11a). 
Argillaceous beds within the C.M.N. Formation contain Mg-chlorite and talc. Rocks of 
the S.D. and C.M.N. formations are cut by magnesite-(quartz) veins. The veins range 
from thin (0.5 mm) to 30 cm wide and commonly display sharp margins. The grain size 
of magnesite within the veins range from course-grained (7 mm) and euhedral, to fine-
grained (<1 mm) and anhedral.  
Both monomict and polymict breccia contain abundant Mg-chlorite laths less than 
1 mm in length that often occur in clusters (Fig. 4.11b). Siltstone clasts in the polymict 
breccia commonly are more Mg-chlorite rich along their outer boundaries than in their 





prospects with the Menda Diaper contain more abundant magnesite along clast edges 
than in clast centers. The thickness of the alteration selvages on the clasts ranges from 
millimeters to several tens of meters in some cases. The selvages appear to be best 
developed in clasts and blocks of the C.M.N. Formation. Veins of magnesite and/or Mg-
chlorite locally extend from these magnesian alteration selvages into clasts or blocks. 
Carbonaceous material is generally absent in the magnesian alteration selvages and 
adjacent to the magnesite and/or Mg-chlorite-bearing veins.  
  
Figure 4.11 Images of magnesian altered rocks at Menda Central. (a) Drill core of 
C.M.N. Formation rocks from the Kavungo prospect, showing a transition of unaltered, 
dark carbonaceous dolostones to lighter colored magnesian altered rocks with 
magnesite and little carbonaceous material. KAVD003, 214-219 m. (b) QEMSCAN® 
image of monomict breccia with abundant clasts of R.A.T. Subgroup siltstone in a matrix 
of carbonate minerals and Mg-chlorite. The siltstone clasts are primarily composed of 
Mg-chlorite and quartz. The black circle shows Mg-chlorite laths that appear to have 
grown in-situ within the breccia matrix. MCND017, 174.4 m.  
 
 
The distribution of magnesian minerals within the polymict breccia matrix and 
clasts suggests that magnesian alteration was synchronous with or post-dated 





Silicification also affected rocks in both the R.A.T. and the Mines subgroups at 
Menda Central. Silicification of the R.A.T. Subgroup siltstones resulted in the growth of 
subhedral to euhedral quartz grains and recrystallization of hematite. Silicified zones 
appear in hand specimen to form thin (2-8 mm) quartz veins (Fig. 4.12a). Petrography 
and automated quantitative mineralogy indicates that the veins form diffuse zones 
containing euhedral to subhedral quartz grains that range between 0.1 to 0.4 mm in 
diameter grains that appear to replace the chloritic groundmass of the siltstone (Fig. 
4.12d). The fine-grained quartz is intergrown with 1-3 mm long specularite grains. This 
specularite is coarser grained than the <0.5 mm hematite grains disseminated 
throughout unsilicified portions of the siltstones. 
The Kamoto Formation of the Mines Subgroup is highly silicified at Menda 
Central as throughout much of the CCB. Silicification resulted in replacement of 
carbonate minerals by fine-grained (<1 mm) anhedral quartz grains and replacement of 
evaporite minerals by coarser grained (3-5 mm) quartz. The R.S.C. unit was typically 
nearly completely converted to fine-grained (<1 mm), anhedral quartz.  
The S.D. and C.M.N. formations exhibit significantly less silicification than the 
Kamoto Formation. There is little evidence of silicification within the S.D. Formation 
except of rare gypsum nodules replaced by quartz (Fig. 4.12b). The C.M.N. Formation 
is heterogeneously silicified at Menda Central. The basal 5-10 m of the unit generally 
displays intense silicification that destroyed original sedimentary textures. Quartz grains 






Figure 4.12 Images of silicified R.A.T. and Mines subgroup rocks. (a) Thin quartz vein 
cutting R.A.T. Subgroup rocks with specularite along the vein margins. MCND021, 105 
m. (b) Drill core of S.D. Formation rocks with gypsum nodules replaced by silica. 
MCND016, 268 m. (c) Drill core of C.M.N. Formation rocks that exhibits an irregular 
pale colored patch due to silicification. The silicified zone contains several percent 
disseminated pyrite. MCND004, 120 m. (d) A QEMSCAN® image across a diffuse 
quartz vein cutting R.A.T. Subgroup siltstone. This difuse zone contains abundant fine-
grained quartz and intergrown hematite and appears to replace the dominantly chloritic 
matrix of the siltstone. Note that subhedral, relict detrital quartz grains are present in 
both the unaltered and silicified portions of the siltstone. MCND017, 287.7m 
 
 
Evaporitic horizons throughout the C.M.N. Formation commonly exhibit complete 
replacement of evaporite minerals by quartz although the original morphology of the 3-5 
mm bladed minerals is preserved. Silicification of carbonate rich portions of the C.M.N. 
Formation above the lowermost portion of the unit often resulted in the development of 





contain fine-grained (<1 mm) anhedral quartz grains. These irregular silicified zones 
commonly contain minor magnesite suggesting that silicification may have taken place 
primarily in zones that underwent prior magnesian alteration. Silicified zones commonly 
contain up to several percent disseminated pyrite with individual grains up to 6 mm in 
diameter. 
4.2 Calcic Alteration   
Rocks at Menda Central display paragenetically late dolomite veins and 
conversion of magnesite to dolomite. This has been designated as a calcic alteration 
event. This style of alteration appears to have been most intense at Menda Central and 
especially in block I (Fig. 3.03) but was also observed at the Kavungo and Kibashi 
Central prospects.  
Mg-chlorite-rich R.A.T. Subgroup siltstones at Menda Central are commonly cut 
by 4-8 mm thick dolomite veins. Where these veins are abundant the R.A.T. Subgroup 
siltstones display a distinctly bright orange color that sharply contrasts with the more 
typical dark red-purple color of the siltstones (Fig. 4.21a). This color change is due in 
part to recrystallization of specularite formed during the magnesian-silicification 
alteration event to fine-grained, apparently less crystalline iron oxide minerals.  
 Conversion of magnesite to fine-grained anhedral dolomite within Mines 
Subgroup rocks occurred throughout the Mines Subgroup (Fig. 4.21b) but is best 
developed in the C.M.N. Formation. Calcic alteration utilized previously formed 
magnesite veins and altered patches as well as formed additional veins up to several 
cm in width. Dolomite precipitated during calcic alteration only replaced a small portion 





best developed in the lower portions of the C.M.N. Formation but occurred throughout 
the unit. This style of alteration could have possibly affected rocks of the Kamoto 
Formation though this is difficult to determine due to the intense silicification of these 
rocks.  
In polymict breccia, magnesian mineral assemblages in both clasts and the 
matrix of the breccia are cut by dolomite veins and specularite was locally recrystallized 
to finer grained iron oxide minerals. These textures indicate that dolomite veins formed 
after breccia formation. 
 
 
 Figure 4.21 Drill core and Backscatter SEM image of calcic alteration at Menda Central. 
(a) Drill core image of the contact between the C.M.N. and R.A.T. Subgroup siltstone 
with abundant dolomite veins and the R.A.T. subgroup siltstones discolored to a 
distinctive orange color. MCND016, 318-323 m. (b) Backscatter SEM image of dolomite 
(grey) replacing and crosscutting magnesite (black). The red box shows dolomite 










 Several episodes of mineralization are recognized to have affected the rocks of 
the Menda diapir. A number of prospects within the Menda Diapir consist of Kamoto 
Formation rocks that were mineralized with copper and cobalt sulfides. Copper 
mineralized zones in Kamoto Formation rocks are sharply truncated along block 
margins in the breccia suggesting that this mineralization occurred prior to breccia 
formation. This style of mineralization is similar to that observed throughout the 
Congolese Copperbelt (Cailteux, 1994; Hitzman et al., 2012). Nickel sulfides at Menda 
Central are intergrown with dolomite that replaced magnesite or occurs within dolomite 
veins. These textural relationships indicate that nickel mineralization was temporally 
associated with the late calcic alteration stage and post-dated breccia formation. Late, 
post-breccia copper mineralization is observed at several prospects in the Menda diapir 
but appears best developed at the Kavungo prospect. The Kasompi Ouest prospect in 
the western portion of the Menda diapir contains uranium mineralized Kamoto 
Formation though the age of this mineralization event is currently poorly constrained. 
 Nickel mineralizing events in the Menda diapir occurred in both the R.A.T. 
Subgroup siltstones and in the Mines Subgroup. R.A.T. Subgroup siltstones exhibit 
elevated nickel contents throughout the Menda diapir. Nickel sulfides occur within rocks 






5.1 Nickel in the R.A.T. Subgroup 
Assays of R.A.T. Subgroup siltstones at Menda Central by ENRC yielded sporadic 
results of 0.1-0.2 wt% nickel. Given these anomalous values, a systematic investigation 
of the nickel content of R.A.T. Subgroup siltstones, monomict breccias, and polymict 
breccias was undertaken with a handheld XRF instrument. Nickel values within R.A.T. 
Subgroup siltstones derived from R.A.T. Subgroup siltstones were generally evenly 
distributed throughout the rock mass and ranged between 0.15 to 0.25 wt% nickel (Fig. 
5.11). Clasts of R.A.T. Subgroup siltstone and matrix within monomict breccia had a 
similar range of nickel values as unbrecciated R.A.T. Subgroup siltstones.  
 
Figure 5.11 Handheld XRF measurements of the R.A.T. Subgroup siltstone, Mg-chlorite 
veinlets cutting R.A.T. Subgroup siltstones, and R.A.T. Subgroup monomict breccia 



























Monomict Breccia Derived From R.A.T. Subgroup Siltstones






similar value to R.A.T. Subgroup siltstones but with slightly less nickel values on 
average. The Mg-chlorite veinlets cutting R.A.T. Subgroup siltstones have higher 
average nickel values then the R.A.T. Subgroup siltstones and monomict breccia. 
The highest nickel values occur in accumulations of Mg-chlorite in fractures cutting both 
R.A.T. Subgroup siltstones and monomict R.A.T. Subgroup siltstone breccia (Fig. 5.12). 
Maximum nickel values in these rocks are 0.50 wt% nickel with most analyses in excess 
of 0.35 wt% nickel (Fig. 5.11). R.A.T. Subgroup siltstones from other prospects 
throughout the diapir were also investigated and many also contain nickel values up to 
0.3 wt% (Fig. 5.13). 
 
Figure 5.12 Mg-chlorite veinlets in R.A.T. Subgroup siltstone. (a) Drill core of R.A.T. 
Subgroup siltstone with numerous fractures and veins containing abundant Mg-chlorite. 
These Mg-chlorite-rich fractures were measured for nickel with the XRF instrument. 
Spots analyzed are indicated by the black circles. The Mg-chlorite filled fractures 
contained between 0.25 and 0.5% nickel. MCND017, 240-251 m. (b) R.A.T. Subgroup 
siltstone with an accumulation of pale colored Mg-chlorite along a fracture. This material 
generally contains elevated nickel values (0.25-0.5 wt%) compared to R.A.T. Subgroup 






Figure 5.13 Bedrock Map of the Menda Diapir showing average nickel values (%) and number of analyses (N) in drill core 
of R.A.T. Subgroup siltstones as measured with a handheld XRF. At each location multiple measurements were taken 
and averaged. KAV-Kavungo, KIC-Kipesi Central, KIE-Kipesi est, KSO-Kisompi Oeust, KVC- Kavundi Central, KVE-
Kavundi Est. KVN-Kavundi Nord, KVO-Kavundi Ouest, MCN, Menda Central, MNO-Menda Nord, MSO-Menda Sud Oest, 
MUL-Mulenga. A complete list of analyses is given in Appendix D.  
KSO 0.15 wt% Ni    
N=5 MSO 0.27 wt% Ni    
N=8 
MNO 0.26 wt% Ni    
N=8 
MCN 0.23 wt% Ni N=76 
KIE 0.18 wt% Ni    
N=10 
KVO 0.07 wt% Ni    
N=8 
KAV 0.13 wt% Ni    
N=10 
KVE 0.13 wt% Ni    
N=6 
KVN 0.05 wt% Ni    
N=7 
KVE 0.06 wt% Ni    
N=7 






Table 5.12 Minimum, maximum, mean, average and standard deviation of handheld 
XRF measurements of nickel contents within R.A.T. Subgroup siltstone samples from 
the Menda Diapir. 
 





0.00 0.12 0.14 0.13 0.07 
KIE - Kipesi 
est 








0.00 0.13 0.07 0.06 0.05 
KVE - 
Kavundi Est 0.00 0.30 0.16 0.13 0.11 
KVN - 




0.00 0.35 0.04 0.07 0.09 
MCN –  
Menda 
Central 
0.01 0.59 0.20 0.23 0.13 
MNO – Menda 
Nord 
0.14 0.46 0.24 0.26 0.11 
MSO - Menda 
Sud Oest 
0.03 0.39 0.24 0.27 0.09 
MUL - 
Mulenga 0.02 0.30 0.05 0.10 0.11 
 
 
Assay data from the R.A.T. subgroup siltstones were compared with the 
measured handheld XRF data in locations where data from both methods was available 
(Table 5.12, Fig. 5.14). The percent difference of the two measurements ranged from -





5.12) indicating that the handheld XRF generally measured slightly elevated levels of 
nickel relative to assays. The handheld XRF represents an analysis of a 1 mm diameter 
spot while assay data was measured over a meter to several meters. Thus, the 
difference in values of siltstones may be due both to either or both the scale of 
measurement and the difference in the measuring techniques. XRF measurements of 
the Mg-chlorite veins yield much higher values than the assay data; this is likely due to 
the assay data averaging the high values of the Mg-chlorite veins over a meter interval. 
These data indicate that although the handheld XRF data gives somewhat increased 
nickel values relative to assay values, the XRF values obtained are a reliable indicator 
of the presence of nickel within the R.A.T. Subgroup siltstones. 
 
Table 5.11 Comparison of wt% nickel data gathered from assay and handheld XRF In 
samples from Menda Central.  Assays sampled the entire interval while XRF is from 














MCND013 10.0 - 
11.0m 
Redbed 
siltstone 0.21 0.24 0.07 -2.46 
MCND015 12.9 - 
13.7m 
Redbed 
siltstone 0.14 0.12 0.08 1.22 
MCND027 195.9 - 
196.8m 
Redbed 
siltstone 0.15 0.21 0.08 -4.69 




0.16 0.25 0.08 -6.82 




0.16 0.20 0.08 -2.85 




0.19 0.20 0.08 -0.30 




0.19 0.42 0.08 -27.32 
MCND027 225.3 - 
225.9m 
Redbed 
filtstone 0.19 0.23 0.08 -3.06 
MCND027 233.5 - 
234.4m 
Redbed 






Table 5.11 Continued 
MCND027 214.4 - 
215.1m 
Mg-Chlorite 
vein 0.15 0.33 0.08 -17.33 
MCND027 220.3 - 
221.2m 
Mg-Chlorite 
vein 0.15 0.33 0.07 -16.38 
MCND027 225.3 - 
225.9m 
Mg-Chlorite 
vein 0.19 0.29 0.07 -9.98 




0.20 0.19 0.07 0.86 




0.20 0.27 0.07 -6.58 




0.20 0.33 0.07 -13.13 
MCND028 111.1 - 
111.4m 
Redbed 
siltstone 0.20 0.15 0.07 3.62 
MCND028 295.9 - 
296.7m 
Mg-Chlorite 
vein 0.21 0.46 0.07 -33.23 
MCND028 301.6 - 
302.4m 
Redbed 




Figure 5.14 Nickel wt% values from assay and XRF measurements plotted against each 
other. The XRF measurements from the redbed siltstones show a slight increase in 
nickel wt% compared with the assay data. The XRF measurements of the Mg-chlorite 
veins show have a much higher Ni wt% than the assay data of intervals containing 
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Figure 5.15 SEM spectrum of Mg-rich chlorite in a R.A.T. Subgroup siltstone from 
MCND019, 191 m. Based on the spectrum a qualitative measure of nickel within this 
Mg-chlorite is estimated to be approximately 7 wt%. Additional XRD spectra are 
presented in appendixes C and F. 
 
Comparison of assay and XRF data suggest that nickel within the R.A.T. Subgroup 
siltstones is primarily hosted in Mg-chlorite (Fig. 5.14).  This relationship was further 
examined through with the scanning electron microscope. Spectra from relatively pure 
Mg-chlorite separates from R.A.T. Subgroup siltstones and monomict breccias were 
analyzed on the scanning electron microscope. These analyses indicate the Mg-
chlorites contain nickel values between nil and 7 wt% (Fig. 5.15). In contrast, Mg-
chlorite in silty beds within the Mines Subgroup succession does not exhibit the 
elevated nickel values. Polymict breccia at Menda Central displays variable nickel 
enrichment (Appendix D). The amount of nickel in polymict breccia appears to be 
dependent on the clast population. R.A.T. Subgroup siltstone clasts in polymict breccia 
may contain in excess of 0.1% nickel while Mines Subgroup carbonate clasts have little 






Figure 5.16 Drill core of unaltered polymict breccia showing the amount of nickel in both 
clasts and matrix. Each numbered box refers to the wt% nickel of the corresponding 
clast or matrix. In each location shown, at least four measurements were made with the 
handheld XRF and averaged. Nickel-enriched R.A.T. Subgroup siltstone clasts are 
nickel enriched while carbonate clasts (generally white colored) and the breccia matrix 
contain little nickel. These relationships suggest the R.A.T. Subgroup siltstones were 













While the matrix of most polymict breccia contains little to no nickel (e.g. Fig. 5.16), 
some polymict breccia dominated by R.A.T. Subgroup siltstone clasts does display 
anomalous nickel values, presumably due to comminution of the siltstone clasts during 
breccia formation. These relationships suggest nickel enrichment of R.A.T. Subgroup 
lithologies occurred before clasts were entrained in the polymict breccia (e.g. prior to 
halokinesis).  
5.2 Hypogene Nickel Sulfide Mineralization 
Nickel sulfide mineralization at Menda Central appears to have been primarily 
focused in block I although blocks II, III, and IV contain minor zones with elevated nickel 
values. The highest nickel grades in block I occur along drill line E400 (Fig. 5.21). 
Significant nickel assay results (up to 3 wt%) have also been found in trenches on the 
northeast side of Menda Central although this area has not been drilled.  
The highest nickel values occur in the lower portion of the Kamoto Formation, the 
top of the S.D. Formation, and throughout the C.M.N. Formation. Extensive weathering 
of the upper portion of block I resulted in the formation of supergene oxide nickel 
minerals at the expense of nickel sulfides in the Kamoto Formation and the lower 
portions of the S.D Formation. Hypogene nickel sulfides have not been observed in 
Menda Central in these portions of the stratigraphy. Hypogene nickel sulfides are 
present below the base of weathering in block I immediately above and below the S.D. 
and C.M.N. formation contact and sporadically throughout the upper portions of the 
C.M.N. Formation. The highest grade of hypogene nickel sulfide over a meter thick drill 





Hypogene nickel mineralized zones contain vaesite (NiS2), siegenite ((Ni,Co)3S4), 
pyrite (FeS2), millerite (NiS), and chalcopyrite (CuFeS2). Vaesite comprises the majority 
of the nickel sulfides observed at Menda Central.  
  
Figure 5.21 Distribution of nickel within block I on section E400 at Menda Central 
derived from drill hole assay data. The highest nickel grades occur above the base of 
weathering in supergene nickel oxide-rich material in the Kamoto and S.D. formations. 
At depth it appears that nickel sulfide mineralization was focused within the upper S.D. 
Formation and within the lower portion of the C.M.N. Formation. Low grade, but 
anomalous nickel (0.1-0.2 wt% nickel) is present within R.A.T. Subgroup siltstones and 









Vaesite is commonly subhedral to euhedral and displays a cubic to bipyramidal 
habit; individual grains may be up to 15 mm in diameter. Vaesite has a silver grey color 
on fresh surfaces that quickly tarnishes to black when exposed to air. In reflected light, 
vaesite is a steel grey color and displays moderate relief. Millerite at Menda Central is 
generally very fine-grained but can be distinguished from vaesite by its acicular habit. It 
is most prominent where it fills vugs as both isolated crystals and clusters of grains. In 
reflected light millerite has a dull yellow color similar to chalcopyrite but is distinguished 
by its habit. Millerite commonly overgrew vaesite and formed thin linings along grain 
boundaries (Fig. 5.22b,c). Siegenite is distinguished from vaesite by its brighter silver 
color, more metallic luster, and its resistance to tarnish. Siegenite was not observed 
megascopically but was commonly observed in reflected light petrography where it is 
more reflective and has a paler color than vaesite. Siegenite occurs in crosscutting 
veins with vaesite (Fig. 5.22a) or as overgrowths on vaesite.  
Pyrite occurs throughout the deposit and is observed both overgrown by and 
overgrowing vaesite (Fig. 5.22d). Chalcopyrite was rarely observed in hand sample but 
was relatively commonly observed in reflected light. Chalcopyrite overgrows and 
replaces pyrite, forms veins cutting vaesite, and is intergrown with millerite (Fig. 5.22b). 
Assays indicate that nickel mineralized zones sometimes contain anomalous 
molybdenum values. However, molybdenite was only identified at one location in drill 
core MCND012 (155.4m) where it was intergrown with dolomite within a 2 mm thick 
stylolitic vein. It was not observed in reflected light petrography. Several small rounded 





vaesite grains. Assays indicate uranium is generally absent within hypogene nickel 
mineralized zones at Menda Central.  
  
 
Figure 5.22 Reflected light petrographic images of nickel sulfide assemblages from 
Menda Central. (a) Vaesite (Vs) that is cut by siegenite (Sg) veinlets. MCND016, 125 m. 
(b) Vaesite that is overgrown by millerite (Ml), which is in turn overgrown by chalcopyrite 
(Cpy). MCND022, 122.6 m. (c) Intergrown vaesite, pyrite (Py), chalcopyrite, and millerite 
with millerite exhibiting an acicular habit. MCND022, 122.6 m. (d) Skeletal vaesite 
intergrown with dolomite that is overgrowing pyrite. MCND022, 219 m.  
 
Ten nickel-rich samples from both hypogene and supergene zones at Menda 
Central were analyzed for platinum group elements (PGEs) and gold at the ALS 
Laboratory in Reno Nevada by neutron activation (Table 5.21). PGEs are essentially 





palladium. Analyses indicate that hypogene mineralized material lacks significant gold; 
the highest assay value returned 0.029 ppm Au.  
 
 
Table 5.21 Platinum group element (PGE) and gold analyses of high-grade hypogene 
and supergene nickel samples and two samples of R.A.T. Subgroup siltstone. 
 
 
Hypogene nickel sulfides are most common within dolomite-(magnesite)-(quartz) 
veins (Fig. 5.23a). The veins range in width from millimeters to 30 cm. Veins are widest 























MCND016, 125m Hypogene 
sulfides 




sulfides 30.0 2800 <0.02 <0.02 <0.01 <0.05 <0.001 <0.005 0.029 
MCND012, 221m Hypogene 
sulfides 




sulfides 19.85 1155 <0.02 <0.08 <0.01 <0.05 <0.001 <0.005 0.003 
MCND015, 212m Hypogene 
sulfides 





19.85 1155 <0.02 <0.08 <0.01 <0.05 <0.001 <0.005 0.003 
MCND020, 212m Hypogene 
sulfides 










R.A.T.  0.003 <0.02 <0.02 <0.02 <0.01 <0.05 <0.001 <0.005 0.003 
MCND001, 19.5m Nickel rich 
supergene 





contain course-grained, commonly euhedral crystals of dolomite in excess of 7 mm in 
length. The veins may contain open vugs. Nickel sulfides most commonly occur along 
vein centers but may also occur as disseminated grains within veins or concentrated on 
vein edges. 
Nickel sulfides also occur as irregular disseminations in mottled or irregularly 
shaped zones up to several centimeters in diameter within dolostones (Fig. 5.23b). 
These mottled zones are a lighter color than the surrounding rock and contain 
magnesite, dolomite, and quartz in addition to sulfides. The pale color appears to be 
due primarily to destruction of organic material. These magnesian-altered zones 
commonly contain disseminated pyrite. Magnesite in these zones display evidence of 
replacement by late dolomite. Nickel sulfides are commonly intergrown with the late 
dolomite (Fig. 5.22d) and overgrow or replace pyrite that appears to be intergrown with 
magnesite. Nickel sulfide grains are rounded or irregular shaped and range in diameter 
from 2 to 5 mm. Sulfides are commonly evenly distributed throughout the portions of 
mottled zones containing late dolomite.  
 Adjacent to sulfide-bearing veins or mottled zones nickel sulfides occur as 1-5 
mm diameter disseminated grains within individual beds (Fig. 5.23c). Nickel sulfides in 
these zones are most abundant closest to the mottled zone or vein and are rarely 
continuous over more than a meter. Rarely, sufficient amounts of disseminated sulfides 
are present to form clots of massive sulfide. This style of mineralization is most common 






Figure 5.23 Images of nickel sulfide mineralized rocks in drill core from the Menda 
Central prospect. (a) Dolomite-(magnesite-quartz) vein with coarse vaesite and 
siegenite in the vein center in contact with dolomite. The black circle displays a 
magnified image of siegenite within the dominantly vaesite vein. MCND016, 314.1 m. 
(b) Irregularly shaped mottled zone with disseminated pyrite and vaesite. The zone 
contains quartz and magnesite replaced by dolomite. Pyrite and vaesite appear 
intergrown in this sample. MCND017, 191 m. (c) Dolomite vein with vaesite on the vein 
edge and disseminated vaesite (dark coloration) replacing individual beds moving 




 The paragenetic sequence of hydrothermal alteration and sulfide mineralization 
at Menda Central was determined from textural relationships, primarily replacement 
textures and crosscutting relationships observed megascopically and during 
petrographic analyses. Fine-grained disseminated pyrite appears to have been the 
earliest sulfide precipitated. It occurs in apparently unaltered C.M.N. Formation 
carbonate rocks as well as carbonate rocks that underwent both silicification and 
magnesian alteration.  
Nickel sulfides are almost always found in contact or intergrown with dolomite 





hand specimen or petrographically due to their similar appearance and textural habits. 
The SEM was utilized as the primary method for differentiating between these 
carbonate minerals and examining their textural relationships with nickel sulfides. SEM 
analyses indicate that vaesite is commonly intergrown with dolomite that appears to 
have replaced magnesite (Fig. 5.22d).  
 
Figure 5.25 SEM backscatter images illustrating the textures of nickel sulfides within 
magnesite and dolomite veins. (a) Dolomite between vaesite grains and occurring as 
very small inclusions within the vaesite. MCND014, 189.9 m (b) Vaesite and siegenite 
surrounded by dolomite (black) and dolomite within the siegenite grain. MCND14, 189.9 
m (c) Magnesite (black) replaced by dolomite (Grey) with associated vaesite (white). 













Vaesite also overgrows or replaces early pyrite (Fig. 5.26a,c). Siegenite and 
millerite are most commonly observed overgrowing or cutting vaesite (Fig. 5.22a,b and 
5.26c,d). Chalcopyrite replaces pyrite (Fig. 5.22b,c) and is intergrown with siegenite and 
millerite. It also occurs as thin coatings on vaesite grains and in veinlets crosscutting 
vaesite. Paragenetically late pyrite is intergrown with vaesite. It is also observed 
overgrowing or replacing vaesite (Fig. 5.26b,c).  
  
Figure 5.26 Sulfide assemblages from Menda Central in drill core and reflected light: (a) 
Pyrite grains overgrown by vaesite with a vein containing course-grained magnesite 
replaced by dolomite within a vein in the C.M.N. Formation. MCND016, 308.1 m. (b) 
Vaesite overgrowing pyrite within course-grained magnesite replaced by dolomite within 
a vein in the C.M.N. Formation. MCND016, 317 m. (c) Vaesite grain cut by a veinlet of 
millerite. Siegenite appears to overgrow and may be replacing outer rim of the vaesite. 
Pyrite overgrow dolomite (?) that has overgrown vaesite. Millerite crosscutting vaesite 
and pyrite overgrowing vaesite on grain edge. Image from within a magnesite-dolomite 
(quartz) vein within the C.M.N Formation. MCND014, 189 m (d) Acicular millerite 
intergrown with siegenite and overgrowing vaesite. Image from within a magnesite-




















Figure 5.24 Images showing vaesite and dolomite crosscutting and overgrowing clasts 
in polymict breccia. (a) Polymict breccia with vaesite disseminated throughout the matrix 
and occasionally cutting clasts. The clasts are outlined with a black line and the vaesite 
is the dark minerals. (b) Polymict breccia dominated by carbonate clasts with 
magnesian and calcic altered clasts and matrix. Course grained vaesite grains (dark 
grey) are disseminated throughout the matrix. 
 
5.4  Supergene Mineralization 
The average depth of weathering at Menda Central extends to a 120 m.  
Weathering resulted in the preferential dissolution of carbonate minerals and oxidation 
of sulfides. Weathered R.A.T. Subgroup siltstones display a color change to a lighter 





their intense silicification. However, weathering of sulfides in the lower portion of the 
Kamoto Formation often resulted in the rocks becoming vuggy with boxworks after 
sulfides. The S.D. Formation shows variable weathering with the more carbonate-rich 
sections becoming friable and the dominantly argillaceous intervals exhibiting little 
change other than bleaching. Outcropping C.M.N. Formation carbonate rocks are 
commonly friable and consist largely of insoluble argillaceous material. Highly 
weathered C.M.N. Formation carbonate rocks were rarely observed in drill core 
suggesting that the base of the weathered contact in this unit is sharp.  
 Weathering of sulfide-rich zones in all rock types at Menda Central produced a 
black sooty wad-like material that accumulated near the base of the weathering profile 
and along lithological boundaries. These black colored zones commonly contain 
irregular masses and/or veins of green nickel oxide and silicate minerals. These green 
minerals resemble garnierite (hydrous Ni-Mg silicate). However, the mineralogy of this 
material was not analyzed.  
Nine samples of black sooty material that contained enhanced nickel and cobalt 
values were analyzed for metals and for total organic content (TOC) (Table 5.41). 
Although most samples contained less than 1 wt% manganese several samples did 
contain enhanced manganese values with one sample containing 2 wt% manganese. 
Total organic carbon in the samples was uniformly low with all values below 0.11% 
TOC. One sample of this dark material was analyzed for PGEs and gold. This sample 
contained 0.41 ppm palladium, 0.06 ppm platinum, and 0.075 ppm gold (Table 5.21). 
While extremely low, the PGE and Au values in this sample are higher than well 





Table 5.41 Metal values and Total Organic Content (TOC) of supergene Ni-rich black 
sooty material from Menda Central 
















1 MCND001 66.0 0.41 1.02 0.70 0.28 0.07 3.28 0.06 
M2 MCND001 107.5 4.48 0.91 2.04 0.44 0.25 4.01 0.04 
M3 MCND013 102.0 5.42 1.00 0.26 0.69 0.05 22.36 0.05 
M4 MCND012 52.5 1.17 0.85 0.43 0.07 0.02 26.14 0.03 
M5 MCND012 114.5 0.26 0.52 1.58 0.01 0.21 21.59 0.07 
M7 MCND017 62.0 5.04 1.38 0.52 0.25 0.09 18.64 0.06 
M8 MCND017 78.0 4.74 1.10 0.29 0.19 0.07 5.63 0.05 
M9 MCND016 114.0 1.07 1.91 1.34 0.02 0.28 22.25 0.11 
M10 MCND016 90.0 4.97 2.09 1.23 0.11 0.04 23.41 0.03 
 
Note: Ni, Fe, Mn, Co, and Cu values were taken from assay data from the meter interval 
where the sample was collected. Samples were analyzed for total organic carbon at the 
Source Rock Lab of GeoMark Research, LTD (Humble, Texas) using a LECO CR-412 
Carbon Analyzer. The analyses indicate that the black material is not highly 
carbonaceous.  
 
5.5 Sulfur Isotopes 
 Ten sulfide-rich samples from Menda Central were microdrilled to prepare 
mineral separates of pyrite, vaesite, and siegenite; millerite and chalcopyrite were too 
fine-grained and intergrown with other sulfides to be sampled accurately. These mineral 
separates were analyzed for sulfur isotopic values.  
Sulfide sulfur isotopic values at the Menda Central deposit were found to range 
from 0.5 ‰ to 8.0 ‰ (Fig. 5.51). Pyrite has 32S values of 1.5 ‰ to 7.5 ‰ suggesting 
that it was most likely not diagenetic. Vaesite displays a range of 32S values from 1 ‰ 
to 8 ‰. Given that textures indicate that vaesite commonly replaced pyrite, these 
isotopic values suggest vaesite largely inherited its sulfur from paragenetically earlier 
pyrite. Sulfur isotopic values of siegenite (0.5 to 4 ‰) overlap those of vaesite and early 





relatively heavy sulfur isotopic values of the early pyrite and later nickel sulfides indicate 
that sulfide was probably derived, at least in part, from thermochemical reduction of 
Neoproterozoic diagenetic sulfate which in the Zambian Copperbelt has sulfur isotopic 
values of approximately 17 ‰ (Selley et al., 2015). 
 
Figure 5.51 Histogram of sulfur isotopic values of pyrite, vaesite, and siegenite from 
Menda Central. The isotopic values show a bimodal distribution with the majority of 
samples between either 0.5-4.5 ‰ or 7-8 ‰. Values are reported as a per mille (‰) 





























NICKEL MINERALIZATION IN THE CENTRAL AFRICAN COPPERBELT 
 OUTSIDE THE MENDA DIAPIR 
 
Several copper-(cobalt) deposits in the Central African Copperbelt contain very 
minor nickel sulfides, dominantly millerite and vaesite, in paragenetically late, albite-
dolomite veins (Selley et al., 2005). The Sentinel (Kalumbila) copper deposit several 
kilometers east of the Enterprise nickel deposit is cited to contain ~3 Mt of 0.67% Ni 
(Steven and Armstrong, 2003) with the nickel hosted primarily in pentlandite, violarite, 
and siegenite (CoNi2S4). Exploration in the past decade throughout the Central African 
Copperbelt suggests that nickel mineralization may be more common than has 
traditionally been thought. 
Following recognition that R.A.T. Subgroup siltstones and monomict breccias at 
Menda contain anomalous nickel, similar rocks from a number of locations in the 
Congolese Copperbelt were examined. Handheld XRF measurements of R.A.T. 
Subgroup siltstone and monomict breccia samples from the Kabamba diapir to the 
southeast of Menda (Fig. 6.21) indicate that many contain 0.1 to 0.2 wt. % Ni. R.A.T. 
Subgroup siltstones and monomict siltstone breccias at the Kambunji prospect 
approximately 50 km to the west of the Menda diapir (Fig. 6.21) also contain 0.1-0.2 
wt% nickel (D. Broughton, pers. comm., 2015) with the highest values in samples cut by 
thin pale colored Mg-chlorite veins. Though there are currently no data, it is considered 





nickel-bearing Shinkolobwe and Swambo uranium deposits to the east along structural 
strike from Menda (Fig. 6.21) contain anomalous nickel. However, R.A.T. Subgroup 
siltstones and monomict breccias that are apparently mineralogically similar to those at 
Menda from elsewhere in the Congolese Copperbelt (Fig. 6.21) such as the Kalukundi 
diapir to the north of Menda, the Tenke-Fungurume area, and the Kolwezi district do not 
appear to contain anomalous nickel (M. Hitzman, pers. comm., 2015).  
Nickel sulfides are known at several locations in the Central African Copperbelt. 
Seventy miles east of the Menda District, the Shinkolobwe and Swambo uranium 
deposits contain nickel and cobalt sulfides (Derriks and Vaes, 1956; Derriks and 
Oosterbosch, 1958), although the grades and tonnages of nickel and cobalt have not 
been reported. Both deposits occur within diapirs that are along structural strike from 
the Menda diapir (Fig. 6.01). The Shinkolobwe deposit was extensively mined for 
uranium in the 20th century, while the Swambo deposit was never put into production. 
To the north of Menda, the Dianda prospect hosted in a large diapiric structure (Fig. 
6.01) contains nickel sulfides within Mines Subgroup blocks along with elevated nickel 
values in the R.A.T. Subgroup siltstones (S. Kalbskopf, pers. comm., 2015).  
Nickel sulfides at Shinkolobwe are hosted in a vein stockwork within blocks of the 
S.D. and the lower portion of the C.M.N. formations (Derrick and Vaes, 1956). The 
dominant nickel sulfides are vaesite and siegenite with minor nickel, cobalt, 
molybdenum, and selenium minerals as well as native gold. The paragenetic sequence 
of alteration and mineralization observed at Shinkolobwe is reminiscent of that at Menda 
Central. Magnesite alteration of host carbonate rocks at Shinkolobwe was followed by 





dolomite veins and in zones displaying replacement of magnesite by dolomite (Derrick 
and Vaes, 1965). Zones of nickel mineralized rock have Ni:Co of 3:1 near the uranium 
ore bodies and but change to 1:3 further from the uranium orebodies (Derrick and Vaes, 
1965). The uranium mineralization is considered to have occurred after diapiric 
emplacment and breccia formation (Derriks and Vaes, 1956). 
 
Figure 6.21 Geological bedrock map of the southern Congolese Copperbelt showing the 
location of mines or prospects known to contain nickel (from east to west: Shinkolobwe, 
Swambo, Kabamba, Menda, Dianda, Kambunji). These deposits and prospects 
represent a nickel-bearing zone that extends for ~125 km along a line of apparently 
discontinuous halokinetic diapirs. 
 
 Fluid inclusions in dolomite apparently intergrown with sulfides yielded 
homogenization temperatures of approximately 200 ºC and were highly saline (Ngongo, 





Ni, Co, U and Pd (Derrick and Vaes, 1965). Although grades of palladium were not 
reported, it was a byproduct of uranium production (Heinrich, 1958). 
 The Swambo deposit to the west of Shinkolobwe contains uranium and lesser 
nickel and cobalt sulfides and appears to display a similar paragenetic sequence of 
alteration and mineralization to Shinkolobwe (Derriks and Oosterbosch, 1958).  
The only stand-alone nickel deposit in the Central African Copperbelt is the 
Enterprise deposit (40 Mt of 1.07% Ni) located on the eastern edge of the Kabompo 
Dome in northwest Zambia (Capistrant et al., 2015) that is being readied for production 
by First Quantum Minerals Ltd. The Enterprise deposit area contains basement schists 
overlain by Katangan Supergroup metasedimentary rocks. Nickel sulfides are hosted 
within a sequence of siliciclastic and carbonate meta-sedimentary rocks (Capistrant et 
al., 2015). Talc-rich basal siliciclastic metasedimentary rocks below the deposit that are 
thought to be stratigraphic equivalents of the R.A.T. Subgroup siltstones contain 
anomalous nickel (up to 600 ppm) in an area of approximately 50 km2 around the 
deposit (P. Capistrant, pers. comm., 2015). The mineralized host rocks contain 
significant kyanite, talc, and Mg-chlorite. Silicification and magnesian metasomatism 
occurred prior to and/or concurrent with a regional metamorphic event (590-500 Ma). 
Mineralization resulted in the precipitation of nickel and iron-nickel sulfides in veins and 
as semi-massive replacements of the host rocks. Nickel sulfides precipitated in two 
main stages: an early stage millerite-vaesite-pyrite assemblage that formed 
disseminations and semi-massive replacements in vuggy textured rocks, and a later 
stage containing a millerite-bravoite-molybdenite assemblage in quartz-kyanite veins 





trace amounts of cobalt and PGE. Sulfur isotopic results suggest that the sulfide sulfur 
at Enterprise was derived largely from Neoproterozoic marine sulfate by 
thermochemical sulfate reduction. A fluid inclusion study on minerals in nickel sulfide-
bearing veins produced inconclusive temperature results but demonstrated that the 
mineralizing fluids were highly saline (~40-70 wt% NaCl equiv) (Zimba, 2012). Regional 
geochemical data suggests that the Enterprise deposit formed from oxidized, relatively 
low pH, nickel-bearing hydrothermal fluids (D. Wood, pers. comm., 2015). It appears 
that nickel was released from the fluid upon reaction with carbonate wall rocks in the 
presence of a significant reductant (Capistrant et al., 2015). Re-Os geochronology on 
molybdenite intergrown with nickel sulfides from Enterprise yielded a 540.6 + 1.8 Ma 
age for mineralization, the approximate age of metamorphism (Capistrant et al., 2015).  
Textural evidence from polymict breccias at Menda suggests that Mg-chlorite in 
R.A.T. Subgroup siltstones were enriched in nickel prior to halokinesis and breccia 
formation. Textural evidence from Menda and Shinkolobwe indicates that nickel sulfide 
precipitation occurred after halokinetic breccia formation. The Enterprise nickel sulfide 
deposit is located within and above a large zone of nickel-enriched talc-rich siliciclastic 
rocks that are thought to be a stratigraphic equivalent to the R.A.T. Subgroup. 
Geochronological data from Enterprise demonstrates nickel sulfide mineralization 
occurred during the Lufilian orogenic event after the initiation of halokinesis (Capistrant 
et al., 2015). Thus the available evidence suggests R.A.T. Subgroup siltstones and 
brecciated equivalent rocks became enriched in nickel prior to halokinesis and that 
nickel sulfide mineralization took place later following the emplacement of salt diapirs 





appears likely that the nickel sulfide deposits and prospects in the southern DRC nickel 
trend derived their nickel from the R.A.T. Subgroup siltstones. It is possible that the 
nickel-enriched R.A.T. Subgroup equivalent rocks beneath and adjacent to the 
Enterprise deposit formed a similar source for nickel. 
The source of the nickel for the Enterprise deposit is unknown. Gabbroic rocks 
are recognized in the local stratigraphic section but simple mass balance calculations 
suggest they form an inadequate supply of nickel for the deposit (Capistrant et al., 
2015). Unlike the Enterprise deposit, no mafic igneous rocks have been reported for the 
area of nickel mineralization in the southern Congolese Copperbelt. However, basement 
rocks are not exposed in this area. It is possible that observed nickel trend lies above a 
zone of nickel-rich mafic to ultramafic rocks in the basement. Nickel enrichment of the 
R.A.T. Subgroup siltstones along this trend could have been due either to incorporation 
of mafic detritus in the siltstones during deposition or leaching of nickel from basement 

















 The Menda Central prospect represents a new example of a sediment hosted, 
hydrothermal nickel sulfide deposit. The Menda diapir contains anomalous nickel within 
a large volume of R.A.T. Subgroup siltstones and breccias derived from these 
siltstones. Similarly nickel-enriched R.A.T. Subgroup rocks appear to exist along an 
almost 125 km trend from the Shinkolobwe uranium deposit in the east to the Kambunji 
prospect in the west. This trend corresponds to a band of discontinuous diapiric 
breccias and probably represents the location of a fundamental structure within the 
basement that also controlled sedimentation in the Katangan basin.  
Textural evidence suggests Mg-chlorite in the R.A.T. Subgroup siltstones was 
enriched in nickel prior to halokinetic diapir formation. Nickel enrichment may have 
occurred during a regional magnesian alteration event. This event could be temporally 
associated with Cu-Co mineralization in deposits further to the north in the Congolese 
Copperbelt (Hitzman et al., 2015).  
Textural evidence at the Menda Central, Shinkolobwe, and Swambo deposits 
indicates that nickel sulfide mineralization occurred after halokinetic diapir formation. At 
these deposits intense magnesian alteration was followed by a period of calcic 
alteration that resulted in the formation of dolomite veins and irregular zones of 
dolomitization of magnesite that contain nickel sulfides. The first stage of nickel sulfide 





siegenite-millerite-chalcopyrite assemblage. Sulfur isotopic compositions of sulfides at 
Menda Central suggest sulfide sulfur was derived from thermochemical reduction of 
Neoproterozoic sulfate. Nickel sulfide mineralization appears to have been concentrated 
in S.D. and C.M.N. formation rocks, which are relatively carbonaceous. This suggests 
that, as at the Enterprise nickel sulfide deposit in Zambia, reduction may have been 
important for sulfide precipitation. 
 The general sequence of alteration and mineralization events recognized at 
Menda is similar to that observed throughout the Congolese Copperbelt (e.g. Hitzman et 
al., 2015). Early, pre-brecciation magnesian alteration and synchronous silicification 
affected rocks of the R.A.T. and Mines subgroups. This was locally accompanied by 
copper-cobalt mineralization throughout the CCB as well as at Menda. Post-brecciation 
mineralization resulted in precipitation first of uranium and then nickel sulfides at 
Shinkolobwe and Swambo and dominantly nickel sulfides at Menda and Dianda along a 
trend parallel to, but south of the main belt of copper-cobalt deposits in the CCB. 
Interestingly, in to the southeast of Kolwezi, the CCB copper-cobalt trend is separated 
from the nickel trend by a series of extremely cobalt-rich copper deposits along the 
Tilwezembe diapir (Broughton, 2013). At the Kavundi prospect at the Menda diapir a 
late, apparently post-nickel sulfide-mineralizing event that resulted in precipitation of 
chalcopyrite in carbonate-kyanite veins has been recognized.  
 While the source of nickel in the nickel-enriched R.A.T. Subgroup rocks in the 
southern DRC is unknown, the nickel in nickel sulfides at Menda Central was probably 
derived from these weakly nickel-enriched rocks. Although it is still unclear if the Menda 





the potential for nickel deposits within the Congolese Copperbelt. Mines Subgroup 
blocks in other diapers, particularly along the Kambunji-Menda-Shinkolobwe trend are 
prospective for similar deposits. The post-halokinetic age of nickel mineralization at 
Menda Central indicates that there is potential for nickel sulfides to occur in other 
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Several thin section slides from Menda Central samples were scanned by the 
QEMSCAN® and analyzed with iDiscover software to create false color images or maps 
of the scanned area. The majority of the scans were utilized to characterize the R.A.T. 
Subgroup, which is difficult to examine petrographically due its fine-grained nature. 
QEMSCAN® analysis revealed that R.A.T. Subgroup siltstones are dominantly 
composed of Mg-chlorite, quartz, hematite and dolomite. The results were surprising as 
the R.A.T. has been historically been assumed to contain abundant talc as stated in its 
name: Roches Argilo Talqueuses (Talc rich argillaceous). It is unclear if Mg-chlorite has 
been misidentified as talc throughout the Congolese Copperbelt or if talc is just rare in 
the Menda District. Preliminary investigations of R.A.T. Subgroup siltstones at the 
Mashitu deposit in the Kalukundi diapir to the north of Menda indicate that they are also 
















Figure A.1 QEMSCAN® image of nickel enriched R.A.T. Subgroup siltstone cut by a 
diffuse silica-specular hematite vein. The vein includes larger grains of quartz several of 








Figure A.2 QEMSCAN® image of a nickel-rich R.A.T. Subgroup siltstone sample 
containing Mg-chlorite, dolomite, hematite and quartz. The quartz appears to be a 








Figure A.3 QEMSCAN® image of nickel-poor R.A.T. Subgroup siltstone from the 
Kavungo Ouest prospect within the Menda Diapir. This sample displays little textural 
difference from nickel-rich R.A.T. Subgroup siltstone samples but does contain less 
hematite than nickel-rich samples and has minor apatite instead of monazite that is 








     
Figure A.4 QEMSCAN® image of R.A.T. Subgroup monomict breccia with clasts 
dominated by Mg-chlorite and quartz in a matrix consisting primarily of a variety of 
carbonate minerals. Much of the magnesite in the sample appears to pseudomorph a 
psuedohexagonal, prismatic mineral, possibly the evaporate mineral carnallite 
(KMgCl3(H2O)6), a hydrated potassium magnesium chloride. Growth of Mg-chlorite 
lathes and magnesite in the breccia matrix suggests post-halokinetic magnesian 














Figure A.5 QEMSCAN® image of MCND023, 163 m showing vaesite concentrated 
along bedding planes in a silicified algal rock from the C.M.N. Formation. Significant talc 















Figure A.6 QEMSCAN® image of MCND014, 189.7 m showing a vein of vaesite and 
dolomite that is crosscut by veinlets of millerite within a magnesite-dolomite (quartz) 















ADDITIONAL CROSS SECTIONS 
 

























SEM IMAGES AND DATA 
 
Figure C.1 SEM backscatter image of vaesite, siegenite and monazite within a 
magnesite-dolomite (quartz) vein within the C.M.N. Formation. MCND014, 189.9 m. 
 

















Element Line keV KRatio Wt% At% 
At 
Prop ChiSquared 
S KA1 2.307 0.4341 53.62 67.91 0 61.73 
Ni KA1 7.477 0.4088 44.53 30.81 0 0.93 
Co KA1 6.929 0.017 1.85 1.27 0 0.93 
Total     0.86 100 100 0 26.49 






















Element Line keV KRatio Wt% At% 
At 
Prop ChiSquared 
S KA1 2.307 0.3476 43.61 58.64 0 45.78 
Ni KA1 7.477 0.3314 35.29 25.93 0 1.15 
Co KA1 6.929 0.1948 21.1 15.44 0 1.15 
Total     0.8738 100 100 0 16.95 
Figure C.4 SEM spectrum of siegnenite with relative atomic abundance data. 








Figure C.5 SEM spectrum of magnesite. MCND014, 189.9 m 
 












Figure C.7 SEM Image of vaesite and dolomite magnesite-dolomite (quartz) vein within 
















Figure C.8 SEM backscatter image of magnesite being replaced by dolomite within a 
magnesite-dolomite (quartz) vein within the C.M.N. Formation. 50X. MCND014, 189.9 
m.  
 
Figure C.9 SEM backscatter images of magnesite (black) being replaced by dolomite 
(grey) with nickel sulfides (white) intergrown with the dolomite within a magnesite-
dolomite (quartz) vein within the C.M.N. Formation. (a) 25x. MCND012, 61.1 m. (b) 15x. 












HANDHELD XRF NICKEL ANALYSES OF R.A.T. SUBGROUP ROCKS IN THE 
MENDA DIAPIR 
Table D.1 Handheld XRF measurements of R.A.T. Subgroup siltstone, 








KAVD006 140 0.08 MONOMICT BRECCIA 
KAVD006 142 0.08 MONOMICT BRECCIA 
KAVD006 144 0.19 REDBED SILTSTONE 
KAVD006 152 0.20 REDBED SILTSTONE 
KAVD006 161 0.05 REDBED SILTSTONE 
KAVD006 176 0.00 REDBED SILTSTONE 
KAVD006 156 0.20 MG-CHLORITE IN VEINS 
KAVD006 167 0.14 REDBED SILTSTONE 
KAVD006 165 0.19 REDBED SILTSTONE 
KAVD006 164 0.00 REDBED SILTSTONE 
KICD008 154 0.06 REDBED SILTSTONE 
KICD008 146 0.09 REDBED SILTSTONE 
KICD008 141 0.08 REDBED SILTSTONE 
KICD008 132 0.06 REDBED SILTSTONE 
KIED002 130 0.08 MONOMICT BRECCIA 
KIED002 130.5 0.13 MONOMICT BRECCIA 
KIED002 131 0.18 REDBED SILTSTONE 
KIED002 132 0.25 REDBED SILTSTONE 
KIED002 134 0.28 REDBED SILTSTONE 
KIED002 136 0.16 REDBED SILTSTONE 
KIPD012 294 0.07 REDBED SILTSTONE 
KIPD012 268 0.03 REDBED SILTSTONE 
KIPD012 115 0.09 REDBED SILTSTONE 
KIPD012 105.5 0.14 REDBED SILTSTONE 
KIPD012 86 0.18 MONOMICT BRECCIA 
KIPD012 79 0.13 MONOMICT BRECCIA 
KIPD012 30 0.13 MONOMICT BRECCIA 





KSOD017 63 0.14 MONOMICT BRECCIA 
KSOD017 64 0.13 MONOMICT BRECCIA 
KSOD017 64.5 0.12 MONOMICT BRECCIA 
KSOD017 66 0.13 MONOMICT BRECCIA 
KSOD017 66 0.20 MG-CHLORITE IN VEINS 
KVCD009 213 0.07 REDBED SILTSTONE 
KVCD009 217 0.09 REDBED SILTSTONE 
KVCD009 216 0.13 MG-CHLORITE IN VEINS 
KVCD009 217.5 0.11 MG-CHLORITE IN VEINS 
KVCD009 219 0.05 MONOMICT BRECCIA 
KVCD009 221 0.00 MONOMICT BRECCIA 
KVCD009 227 0.00 REDBED SILTSTONE 
KVCD050 65 0.04 REDBED SILTSTONE 
KVCD050 59 0.01 REDBED SILTSTONE 
KVCD050 55 0.07 REDBED SILTSTONE 
KVED001 102 0.17 REDBED SILTSTONE 
KVED001 98 0.30 REDBED SILTSTONE 
KVED001 119 0.16 REDBED SILTSTONE 
KVED001 134 0.16 REDBED SILTSTONE 
KVED001 123 0.00 MG-CHLORITE IN VEINS 
KVED001 139 0.00 MG-CHLORITE IN VEINS 
KVND019 117 0.00 MONOMICT BRECCIA 
KVND019 120 0.21 MONOMICT BRECCIA 
KVND019 121 0.01 MONOMICT BRECCIA 
KVND019 123 0.00 MONOMICT BRECCIA 
KVND019 124 0.02 MONOMICT BRECCIA 
KVND019 130 0.02 MONOMICT BRECCIA 
KVND019 118 0.07 MONOMICT BRECCIA 
KVND019 126 0.08 MONOMICT BRECCIA 
KVOD006 73 0.02 REDBED SILTSTONE 
KVOD006 70 0.01 REDBED SILTSTONE 
KVOD006 64 0.01 REDBED SILTSTONE 
KVOD006 60 0.01 REDBED SILTSTONE 
KVOD006 74 0.04 REDBED SILTSTONE 
KVOD006 72 0.03 REDBED SILTSTONE 
KVOD019 220 0.00 REDBED SILTSTONE 
KVOD019 226 0.00 REDBED SILTSTONE 
KVOD019 232 0.00 REDBED SILTSTONE 





KVOD019 236 0.00 REDBED SILTSTONE 
KVOD025 174.5 0.08 REDBED SILTSTONE 
KVOD025 184 0.08 REDBED SILTSTONE 
KVOD025 168 0.07 REDBED SILTSTONE 
KVOD025 163 0.13 MONOMICT BRECCIA 
KVOD025 165 0.35 MONOMICT BRECCIA 
KVOD025 184 0.13 MG-CHLORITE IN VEINS 
KVOD025 175 0.12 MG-CHLORITE IN VEINS 
KVOD025 182.5 0.12 MG-CHLORITE IN VEINS 
MCND011 120 0.17 REDBED SILTSTONE 
MCND011 154 0.18 REDBED SILTSTONE 
MCND011 148 0.33 MG-CHLORITE IN VEINS 
MCND013 10.5 0.24 REDBED SILTSTONE  
MCND014 257 0.01 MONOMICT BRECCIA 
MCND014 127 0.04 MONOMICT BRECCIA 
MCND014 172 0.18 MG-CHLORITE IN VEINS 
MCND014 225 0.35 MG-CHLORITE IN VEINS 
MCND014 303 0.19 REDBED SILTSTONE 
MCND014 186 0.13 REDBED SILTSTONE 
MCND015 12 0.12 REDBED SILTSTONE 
MCND015 310 0.26 REDBED SILTSTONE  
MCND015 313 0.38 MG-CHLORITE IN VEINS 
MCND015 317 0.19 REDBED SILTSTONE 
MCND015 316 0.36 MG-CHLORITE IN VEINS 
MCND015 312 0.16 REDBED SILTSTONE 
MCND016 321.50.1 0.20 REDBED SILTSTONE 
MCND016 321.50.2 0.20 REDBED SILTSTONE 
MCND016 322.9 0.20 REDBED SILTSTONE 
MCND016 329.33.1 0.12 REDBED SILTSTONE 
MCND016 336.9.1 0.21 REDBED SILTSTONE 
MCND016 342.5.1 0.20 REDBED SILTSTONE 
MCND016 398.1.1 0.22 REDBED SILTSTONE 
MCND016 389.12.1 0.42 MG-CHLORITE IN VEINS 
MCND016 389.12.2 0.42 MG-CHLORITE IN VEINS 
MCND016 387.61.1 0.39 MG-CHLORITE IN VEINS 
MCND016 387.61.2 0.38 MG-CHLORITE IN VEINS 
MCND016 378.51.1 0.30 MG-CHLORITE IN VEINS 
MCND016 378.51.2 0.33 MG-CHLORITE IN VEINS 





MCND018 111.5 0.15 ORANGE R.A.T. 
MCND018 110 0.18 REDBED SILTSTONE 
MCND018 110 0.33 MG-CHLORITE IN VEINS 
MCND018 120 0.16 REDBED SILTSTONE 
MCND018 112 0.27 MG-CHLORITE IN VEINS 
MCND020 111 0.05 MONOMICT BRECCIA 
MCND020 293 0.08 MONOMICT BRECCIA 
MCND020 293.5 0.08 MONOMICT BRECCIA 
MCND020 296 0.22 MG-CHLORITE IN VEINS 
MCND020 304 0.32 MG-CHLORITE IN VEINS 
MCND020 302.5 0.28 MONOMICT BRECCIA 
MCND022 152 0.18 ORANGE R.A.T. 
MCND022 151.5 0.14 ORANGE R.A.T. 
MCND022 152 0.14 ORANGE R.A.T. 
MCND022 5 0.07 ORANGE R.A.T. 
MCND022 147.5 0.04 ORANGE R.A.T. 
MCND022 146 0.12 REDBED SILTSTONE 
MCND022 145 0.12 REDBED SILTSTONE 
MCND022 145.5 0.11 REDBED SILTSTONE 
MCND022 146.5 0.23 REDBED SILTSTONE 
MCND022 152 0.01 CARBONATE 
MCND022 153 0.07 CARBONATE 
MCND022 149 0.04 CARBONATE 
MCND025 287 0.16 MONOMICT BRECCIA 
MCND025 286.5 0.20 MONOMICT BRECCIA 
MCND025 287.2 0.56 MG-CHLORITE IN VEINS 
MCND027 234 0.19 REDBED SILTSTONE 
MCND027 225 0.23 REDBED SILTSTONE 
MCND027 220 0.33 MG-CHLORITE IN VEINS 
MCND027 214 0.33 MG-CHLORITE IN VEINS 
MCND027 205 0.19 REDBED SILTSTONE 
MCND027 192.5 0.08 MONOMICT BRECCIA 
MCND027 192.6 0.04 MONOMICT BRECCIA 
MCND027 196 0.20 REDBED SILTSTONE 
MCND027 225.5 0.29 MG-CHLORITE IN VEINS 
MCND027 177 0.10 MONOMICT BRECCIA 
MCND027 180 0.25 REDBED SILTSTONE 
MCND027 187 0.40 MG-CHLORITE IN VEINS 





MCND027 196 0.21 REDBED SILTSTONE 
MCND027 212 0.42 MG-CHLORITE IN VEINS 
MCND027 201 0.25 REDBED SILTSTONE 
MCND028 248 0.18 REDBED SILTSTONE 
MCND028 258 0.47 MG-CHLORITE IN VEINS 
MCND028 255 0.29 MONOMICT BRECCIA 
MCND028 290 0.25 REDBED SILTSTONE 
MCND028 296 0.53 MG-CHLORITE IN VEINS 
MCND028 312 0.25 REDBED SILTSTONE 
MCND028 314 0.21 ORANGE R.A.T. 
MCND028 301 0.25 ORANGE R.A.T. 
MCND028 313 0.21 REDBED SILTSTONE 
MCND028 312 0.20 REDBED SILTSTONE 
MCND028 2955 0.50 MG-CHLORITE IN VEINS 
MCND028 295.5 0.59 MG-CHLORITE IN VEINS 
MCNTrench031   0.17 REDBED SILTSTONE 
MCNTrench031   0.22 REDBED SILTSTONE 
MCNTrench031   0.19 REDBED SILTSTONE 
MCNTrench031   0.20 REDBED SILTSTONE 
MNOD003 171 0.15 REDBED SILTSTONE 
MNOD003 177 0.14 REDBED SILTSTONE 
MNOD003 201 0.24 REDBED SILTSTONE 
MNOD003 218 0.23 REDBED SILTSTONE 
MNOD003 199 0.46 MG-CHLORITE IN VEINS 
MNOD003 203 0.38 MG-CHLORITE IN VEINS 
MNOD003 192 0.28 MONOMICT BRECCIA 
MNOD003 169 0.23 MONOMICT BRECCIA 
MSOD012 103.5 0.18 REDBED SILTSTONE 
MSOD012 97 0.15 REDBED SILTSTONE 
MSOD012 96 0.20 REDBED SILTSTONE 
MSOD012 91 0.24 REDBED SILTSTONE 
MSOD012 85 0.39 MG-CHLORITE IN VEINS 
MSOD012 83 0.36 MG-CHLORITE IN VEINS 
MSOD012 83.5 0.32 REDBED SILTSTONE 
MSOD012 84 0.23 REDBED SILTSTONE 
MULD021 115.5 0.30 
R.A.T. CLAST WITHIN 
POLYMICT BRECCIA 
MULD021 105 0.14 R.A.T. CLAST WITHIN 
POLYMICT BRECCIA 





MULD021 116 0.03 CARBONATE CLAST WITHIN 
POLYMICT BRECCIA 
MULD021 115 0.04 
CARBONATE CLAST WITHIN 
POLYMICT BRECCIA 
MULD021 117 0.07 MATRIX OF POLYMICT 
BRECCIA 
 MULD009 73.5 0.02 MONOMICT BRECCIA 
Abbreviations: KAVD-Kavungo, KICD-Kipesi Central, KIED-Kipesi est, KIPD- Kipesi, 
KSOD-Kisompi Oeust, KVCD- Kavundi Central, KVED-Kavundi Est. KVND-Kavundi 
Nord, KVOD-Kavundi Ouest, MCND, Menda Central, MNOD-Menda Nord, MSOD-
Menda Sud Oest, MULD-Mulenga. 
 
Table D.2 Handheld XRF measurements of R.A.T. Subgroup siltstone, 
Mg-Chlorite veins and monomict breccia outside the Menda Diapir. 
 
Hole Depth m XRF Ni% DESCRIPTION 
KKND201 310 0.1 MONOMICT BRECCIA 
KKND201 304 0.01 MONOMICT BRECCIA 
KKND201 276 0.00 MONOMICT BRECCIA 
KKND201 257 0.00 REDBED SILTSTONE 
KKND201 215 0.00 REDBED SILTSTONE 
KKND201 200 0.00 REDBED SILTSTONE 
Mashitu N 3 DD holes 0.00 REDBED SILTSTONE 
Mashitu S 3 DD holes 0.00 REDBED SILTSTONE 
Mashitu SW 3 DD holes 0.00 REDBED SILTSTONE 
MKND190 109 0.01 REDBED SILTSTONE 
MKND190 125 0.00 REDBED SILTSTONE 
MKND190 130 0.00 REDBED SILTSTONE 
MKND190 198 0.00 REDBED SILTSTONE 
RSFD007 270 0.11 
REDBED SILTSTONE (LILAC 
COLORED) 
RSFD024 84 0.00 MONOMICT BRECCIA 
RSFD024 80 0.18 MONOMICT BRECCIA  
RSFD024 148 0.01 REDBED SILTSTONE 
RSFD024 136 0.01 REDBED SILTSTONE 
RSFD024 82 0.02 REDBED SILTSTONE 
Abbreviations: RSFN-Kabamba south, KKND-Kakanda North, MKND-Makando North. 
Three diamond drill holes were measured at Mashitu north, Mashitu south and Mashitu 
southwest with all results >.001 wt% Ni.  
 








 Assay data and reflected light petrography disclosed the possible presence of 
chromite in samples of R.A.T. Subgroup siltstone. A sample of the R.A.T. Subgroup 
siltstone with the highest chromium values from assay data was selected to look for 
chromite. SEM analysis which confirmed the presence of chromite. Irregular grains of 
chromite were identified that appear to be intergrown with quartz and overgrow euhedral 
magnetite (Figs. D-1,2). The textures indicate the chromite is not detrital but rather grew 
in the rock, apparently during a silicification event. 
 
 
Figure E.1 SEM image of chromite with magnetite intergrown in quartz groundmass in 
what appeared to be silicified R.A.T. Subgroup siltstones. Pink overlay corresponds with 













Figure E.2 SEM and backscatter images of chromite in quartz ground mass. Both 
samples from MNOD012, 75.9 m. (a) Irregular shaped chromite grain that appears 
intergrown with quartz. (b) Chromite grain which appears to be an aggregate of smaller 










Figure E.3 SEM spectrum of chromite with relative atomic abundance data. MNOD012, 
75.9 m. 
Element Line keV KRatio Wt% At% At Prop ChiSquared 
Cr KA1 5.414 0.8364 83.82 84.68 0 5.83 
Fe KA1 6.403 0.0725 8.6 8.09 0 1.06 
Al KA1 11.923 0.0179 2.05 1.35 0 1.36 
Ti KA1 4.51 0.0379 2.92 3.2 0 5.83 
V KA1 4.951 0.0275 2.6 2.68 0 5.83 
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Figure F.1 XRD spectrum of R.A.T. Subgroup siltstone from 108m in MCND009. This spectrum indicates that quartz (qtz), 
dolomite (Dl), chlorite (Cl), and hematite (Hm) are the dominant minerals in this sample. There is a singular sharp peak at 
the potassium feldspar (K-spar) site; which may be due to background, peak overlap, or may represent a trace amount of 






Figure F.2 XRD spectrum of R.A.T. Subgroup Siltstone from KVOD019, 225 m. This spectrum indicates that quartz (qtz), 
dolomite (Dl), chlorite (Cl), Talc (Tlc), and hematite (Hm) are the dominant minerals in this sample. The nickel wt% is 






Figure F.3 XRD spectrum of R.A.T. Subgroup Siltstone from MCND017, 287.7 m. This spectrum indicates that quartz 
(qtz), chlorite (Cl), and hematite (Hm) are the dominant minerals in this sample. Dolomite is absent form this sample. 
There is a singular sharp peak at the potassium feldspar (K-spar) site; which may be due to background, peak overlap, or 






Figure F.4 XRD spectrum of R.A.T. Subgroup Siltstone from MCND021, 108.5 m. This spectrum indicates that quartz 
(qtz), chlorite (Cl), and hematite (Hm) are the dominant minerals in this sample. Dolomite is absent form this sample. 
There is a singular sharp peak at the potassium feldspar (K-spar) site; which may be due to background, peak overlap, or 







HYDROTHERMAL NICKEL DEPOSITS 
 
The discovery of the Avebury nickel deposit in Tasmania (29 Mt of 0.9 wt% Ni), 
which is interpreted to have been formed by hydrothermal alteration of ophiolitic rocks 
(Keays and Jowitt, 2013), stimulated interest in nickel deposits potentially formed via 
hydrothermal processes (González-Álvarez et al., 2013).  
In addition to Avebury, hydrothermally altered mafic and ultramafic rocks are also 
thought to be the source of pentlandite in a large tonnage (>1.5 Bt of 0.22 wt% Ni) black 
shale-hosted deposit in the Outokumpu region of Finland (Loukola-Ruskeeniemi and 
Lahtinen, 2013). Hydrothermal migration of nickel in rock sequences that are not known 
to contain significant nickel sulfide-bearing mafic or ultramafic rocks appears to have 
formed the so-called five-element (Ni-Co-As-Ag-Bi) veins (Kissin, et al., 1992). Nickel in 
these deposits generally resides in Ni-Co arsenides. Significant nickel is also present in 
some unconformity uranium deposits, particularly those in the Athabasca Basin of 
Canada (Jefferson et al., 2007) where no significant mafic or ultramafic rocks occur in 
close proximity to the deposits. Nickel in these deposits occurs in bravoite, nickeline 
(NiAs), gersdorffite (NiAsS), and within Ni-Bi minerals.  
Nickel enrichment has long been recognized in black shales (Vine and Tourtelot, 
1970). Early Cambrian black shales in south China (Xu et al., 2013) and Devonian black 
shales in the Yukon of Canada (Hulbert et al., 1992; Orberger et al., 2003) locally 





cm) organic rich, phosphatic shale horizons that can be traced for kilometers along 
strike. The sequences hosting these black shales are thought to represent starved 
sedimentation in highly anoxic basins. Nickel occurs primarily in nickeliferous pyrite 
(bravoite) and vaesite with minor millerite, pentlandite, and violarite (FeNi2S4). There is 
continuing debate as to whether the metals in these deposits were derived from direct 
scavenging of seawater by organic material or from submarine hydrothermal fluids (Xu 
et al., 2013; Jowitt and Keays, 2011).  
Nickel is uncommon in most sedimentary rock-hosted stratiform copper deposits. 
However, the organic rich Kupferschiefer black shale in Germany and Poland locally 
contains nickeliferous pyrite (bravoite) and pentlandite (Püttmann et al., 1991). It is 
unclear whether the nickel in the Kupferschiefer deposits was sourced from the same 
fluids that delivered copper, silver, lead, and zinc or was fixed by organic matter in the 
sediments from seawater prior to copper mineralization (Greenwood et al., 2013). 
 
 
